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1. General introduction 
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1.1 Introduction 
Although it has been shown that there are many benefits to hiring people with 
disabilities (Lindsay, Cagliostro, Albarico, Mortaji, & Karon, 2018), people with a 
disability still face considerable economic disadvantages compared to working-age 
people without disabilities. Disadvantages include lower employment rates, a 
significantly higher risk of living in poverty, a lower quality of life and reduced 
social inclusion (OECD, 2010; World Health Organization & World Bank, 2011). 
Since, on average, six percent of the working-age population receive a disability 
benefit, with this figure rising to more than ten percent in some countries (ISSA, 
2012), the situation also constitutes a major public concern: Low employment rates 
among people with disabilities are in many ways a challenge to economic 
productivity and the financial stability of social security systems (OECD, 2009). 
Sickness and disability benefit schemes are costly, and many industrialized 
countries spend more than twice as much on disability and return-to-work 
programs compared to unemployment benefit programs (OECD, 2009).  
In addition, the outflow from disability benefit schemes is stuck around or even 
below one percent of those receiving benefits (ISSA, 2012). Countries with an aging 
workforce and low birth-rates are particularly affected (Duggan & Imberman, 2008): 
The prevalence of disabilities increases with age (Berecki-Gisolf, Clay, Collie, & 
McClure, 2012) while fewer people are available to produce the contributions 
needed to be able to finance the growing number of beneficiaries. Finding strategies 
to enable workers to stay economically active, despite possible health deficiencies, 
thus, contributes to wider efforts that respond to the challenges facing social security 
systems and public budgets (ISSA, 2012).  
An important goal for public policymakers is to find tools to mitigate the negative 
impact of disabilities on livelihoods and social security systems, for instance, 
through implementing comprehensive structural reforms and labor market 
activation policies and by improving the effectiveness of return-to-work programs 
(Nikolic, Stanciole, & Zaydman, 2011). The high individual and societal costs of 
(work-) disability and long-term sick leave make it crucial to minimize their 
magnitude and duration.  
Work disability is nowadays widely viewed as a public health issue, where the 
consequences of work disability are considered not only to be following a 
biomedical causality but also to be influenced by participation restrictions and 
contextual factors. The consensus is that it is important to understand the dynamic 
relationship between individual, organizational and societal factors influencing re-
employment chances. It is widely accepted that many of the barriers facing people 
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with disabilities are, in fact, avoidable and that workers with a disability are far from 
incompatible with employment in the labor market. Instead, factors such as the 
absence of access to vocational education and re-training and the lack of financial 
and other assistance are the significant drivers of labor market exclusion (OECD, 
2009; World Health Organization & World Bank, 2011).  
The United Nations Convention on the Rights of Persons with Disabilities (UN 
General Assembly, 2007) defines the specific actions to be taken by national 
policymakers to promote the realization of the right to work, including effective 
access to vocational rehabilitation (VR) and re-training programs.1 Vocational re-
training programs are usually based on manual or practical activities and are 
traditionally non-academic but related instead to a specific trade or occupation. 
Already in 1983, the International Labor Organization (ILO) adopted the 
Convention C159 on Vocational Rehabilitation and Employment (ILO, 1983). The 
convention requires member states, given their national circumstances, practices 
and possibilities, “to formulate, implement and periodically review a national policy on 
vocational rehabilitation and the employment of persons with disabilities” (ILO, 1983).  
Many countries have since adopted vocational rehabilitation programs for people 
with a disability. However, while there is plenty of research on the impact of labor 
market programs targeted at regular job seekers (see e.g. Card, Kluve, & Weber, 2010 
for a systematic review), empirical evidence on program effects of vocational 
rehabilitation programs for people with a disability is scarce. Since the objectives of 
vocational rehabilitation for people with health problems differ from those of 
vocational rehabilitation programs for generally unemployed workers, drawing 
conclusions from non-disabled study populations would be misleading. For people 
with a disability, it is not a lack of general qualifications that hinders labor market 
integration but health restrictions that are (or, in the foreseeable future, will become) 
incompatible with current job duties.  
In particular, while systematic evidence exists showing how interventions 
implemented at the workplace impact employment outcomes (see e.g. Nevala, 
Pehkonen, Koskela, Ruusuvuori, & Anttila, 2015; Odeen et al., 2013; van Vilsteren et 
al., 2015), there is less conclusive evidence on the effects of (out-of-job) re-training 
 
1 “States Parties shall safeguard and promote the realization of the right to work, including for those 
who acquire a disability during the course of employment, by taking appropriate steps, including 
through legislation, to [...] enable people with a disability to have effective access to general technical 
and vocational guidance programs, placement services and vocational and continuing training; 
Promote vocational and professional rehabilitation, job retention and return-to-work programs for 
people with a disability.” (UN General Assembly, 2007, sec. 27) 
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measures. Some researchers have found a positive effect of re-training on income 
and employment (Campolieti, Gunderson, & Smith, 2014; D. Dean, Pepper, Schmidt, 
& Stern, 2015; Laaksonen & Gould, 2015) while others find little or no effects 
resulting from program participation (Aakvik, 2003; Frölich, Heshmati, & Lechner, 
2004). Interpreting these findings is complicated by differences in study populations, 
methods used and in the vocational rehabilitation measures analyzed, which may 
have different mandates, strategies and curricula.  
The reviewed evidence indicates, that there is a need for more empirical evidence if 
the impact of these programs on employment outcomes is to be better understood. 
So far, there have been only a few attempts to estimate treatment effects of vocational 
re-training measures, due to researchers struggling with the recruitment of suitable 
comparison groups and because an appropriate time of follow up is rarely available. 
Other uncertainties in the available evidence exist with regards to the influence of 
patient-level factors on rehabilitation outcomes. From what is known about 
returning to work after having experienced a disabling injury or disease, the ability 
to return to meaningful employment depends not only on the quality and type of 
the rehabilitation measure but also on personal and contextual characteristics (see 
e.g. Streibelt & Egner, 2013 for a review). However, much of the available evidence 
concerning the determining factors is limited to small sample sizes and specific 
institutional settings. Given the lack of convincing large-scale evidence, there is a 
need for more research capable of analyzing the effects of influencing factors on the 
occupational reintegration after participation in vocational rehabilitation. Because 
participants of vocational rehabilitation are a heterogeneous group of people, 
knowing the effects of these predictors is also a necessary condition to carry out 
evaluations on the impact of the programs.  
Another gap in knowledge pertains to systematic cost-benefit analyses from the 
perspective of social-security systems, which, to this date, are largely missing. To 
assess whether vocational re-training is a worthwhile investment, also from a 
financial perspective, it is necessary to itemize the services and their resulting costs 
to be able, consequently, to evaluate them economically. The rise of institutionalized 
vocational rehabilitation programs in the last decades has both increased the 
demand for representative empirical evidence on vocational rehabilitation and 
provided researchers with new opportunities for empirically analyzing the 
programs’ impacts.  
Better empirical evidence is needed to enhance our understanding of the conditions 
that influence the outcomes of vocational rehabilitation programs, to increase their 
usage and effectiveness and to be able to monitor whether the goals have been met.  
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1.2 Contribution 
This thesis adds to a growing body of literature on the effects of labor market 
activation programs for people with a disability. While re-affirming the important 
role of micro-level determinants, the present study provides an extensive example 
of the individual and fiscal effects that are possible through meaningful vocational 
rehabilitation measures. The impact analysis presented in this thesis takes a broad 
perspective and examines the influence of vocational re-training on the number of 
employment days, income earned, days on unemployment and other social security 
benefits and on the likelihood of receiving an earnings incapacity pension. 
This thesis seeks to make four major contributions to the analysis of the effectiveness 
of vocational rehabilitation programs for persons with disabilities.  
First, it is investigated, how individual-level socio-economic factors influence 
employment outcomes after participation in vocational rehabilitation in Germany. 
The analysis includes identifying which factors positively affect re-employment 
chances and which socio-economic characteristics tend to act as barriers to successful 
work reintegration. The analysis of socio-economic determinants also serves as a 
starting point for subsequent impact analysis since to know the effect of socio-
economic factors on employment outcomes is a necessary condition for validly 
examining an interventions’ impact.  
Second, while taking the effect of confounding variables into account, it is shown, to 
what extent completing a one-year or two-year vocational re-training, impacts 
employment outcomes and to what extent the programs reduce the likelihood of 
receiving an earnings incapacity pension. In order to investigate the employment 
effects of vocational re-training measures in Germany, a series of quasi-experiments 
are carried out. While the selection of potential controls is one of the key challenges 
to estimate the treatment effects, advanced statistical measures to handle 
confounding are applied in order to establish comparability between comparison 
groups. In the absence of randomization, an applicant-based comparison group 
(program dropouts) is used to compare outcomes with and without completion of a 
vocational re-training measure. This approach, so far, has been widely underutilized 
in vocational rehabilitation research. The estimation of treatment effects provides 
policymakers with detailed information about the interventions’ abilities to improve 
the individuals’ employment statuses and show to what extent these improvements 
are sustained over-time. In addition to its empirical relevance, the research 
contributes to the methodological debate on how to estimate the impact of training 
programs from observational data using quasi-experiments and (applicant-based) 
internal comparison groups.  
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Third, the effects of two-year and one-year vocational re-training programs are 
directly compared to examine the differential impact of these two different forms of 
re-training. In the light of political initiatives to strengthen horizontal training 
(qualification for additional tasks), one-year re-training measures (partial 
qualifications) are becoming increasingly popular as an alternative to the more 
involved (and more costly) two-year re-training programs (full qualifications). 
Whereas a recent evaluation of the differential impact of partial and full re-training 
measures suggests that in the short to medium-term the less involved, one-year 
programs provide similar employment effects to the traditional, more involved, 
two-year programs, the long-term effects are unclear. Using an appropriate time of 
follow up, this thesis re-assesses the question of duration effects of re-training by 
showing to what extent the long-term effects of one-year and two-year re-training 
differ. 
Lastly, the cost-effectiveness and efficiency of re-training are evaluated from the 
social security providers’ perspective. Relating the benefits to the costs of providing 
the programs, financial balance sheets are used to illustrate the economic potential 
of meaningful vocational rehabilitation, showing to what extent the measures can be 
considered cost-effective. While taking a long-term perspective, it is shown after 
how many years the programs break even and how large the potential economic 
returns to the social security system are.  
1.3 Research Questions 
This thesis seeks to answer four main research questions: 
1. To what extent do individual socio-economic factors influence return-to-
work outcomes after participation in vocational rehabilitation? 
2. To what extent do vocational re-training programs impact employment 
outcomes and influence dependency on social security benefits? 
3. Are there significant differences between the effects of one- and two-year re-
training programs with regards to income earned, employment days and 
social security benefit receipt? 
4. What are the financial returns for providers of the re-training programs: are 
the measures cost-effective? 
In the following section, each research question is developed, first by detailing the 
importance and prior evidence on the issue and continuing with the contributions 
this thesis seeks to make.   
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1. To what extent do individual socio-economic factors influence return-to-work 
outcomes after participation in vocational rehabilitation? 
Since participants of vocational rehabilitation are a heterogeneous group of people, 
with different social and occupational backgrounds and different health situations, 
barriers to work reintegration can only be assessed with reference to the individual 
situation of the participants (Hoffmann, 2004). In a recent study, White et al. (2015) 
“find consistent evidence [...] for increased risk of work disability in situations where workers 
have lower education, older age, emotional distress [...] and greater sick leave history.” A 
further recent study on the effects of individual and work factors on work 
participation trajectories before and after participation in vocational rehabilitation 
comes to similar conclusions: “Work participation trajectories around vocational 
rehabilitation are determined by various individual and work-related factors“ (Leinonen, 
Solovieva, Husgafvel-Pursiainen, Laaksonen, & Viikari-Juntura, 2019). 
 
These two results do not come as a surprise since the complex relationship between 
demographic and work factors in relation to employment outcomes has been 
evident in rehabilitation and disability research for quite some time. In particular, 
age and return-to-work outcomes are negatively correlated (Blackwell, Leierer, 
Haupt, Kampitsis, & Wolfson, 2004; Cancelliere et al., 2016; Dodoo-Schittko et al., 
2017; Valentin et al., 2016; Van Muijen et al., 2013). A possible explanation is that 
older workers are less likely to adapt to new situations and have poorer labor market 
chances than younger applicants. Moreover, many older workers have less of an 
incentive to return to work as they may be only a few years away from retirement.  
 
Empirical results on the effects of gender are consistent, demonstrating that males 
exhibit better return-to-work outcomes than females, everything else being equal 
(Cancelliere et al., 2016; Cornelius, Van Der Klink, Groothoff, & Brouwer, 2011; 
Feuerstein, Berkowitz, Haufler, Lopez, & Huang, 2001; Giesen J. & Cavenaugh 
Brenda, 2013; Saltychev, Tenovuo, & Laimi, 2013; Stergiou-Kita, Mansfield, & 
Sokoloff, 2016). A frequently made argument here is that the lower performance of 
females with regards to labor market reintegration might be the result of a male-
centered work environment, of the invisible “glass ceiling” or of greater physical 
stress and time demands outside the working place.  
Over and above age and gender, other factors have been shown to play a role in 
rehabilitation. For the marital status of the rehabilitants, the majority of findings 
indicate that married individuals are more likely to return to work and that divorced 
women are particularly vulnerable to staying out of work. (Kreutzer et al., 2003; 
Selander, Marnetoft, Bergroth, & Ekholm, 2002; Street & Lacey, 2015; Yasuda, 
Wehman, Targett, Cifu, & West, 2002). While not all authors agree on the causes, the 
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positive effect of being married on rehabilitation outcomes are thought to be 
partially attributed to the social support received through marriage. Singles are at a 
greater risk of leaving the labor market permanently.  
Various studies have also detected that education is a useful predictor of return-to-
work outcomes (Blackwell et al., 2004; Cancelliere et al., 2016; Giesen J. & Cavenaugh 
Brenda, 2013). Throughout the studies analyzed in that research, the likelihood of 
successfully returning to work increases with additional education. The results 
suggest that the improved outcomes for higher-educated individuals may be the 
result of greater adaptability with regards to coping with the health effects of 
disabilities, as well as with regards to possible changes in occupational activities.  
Regarding the rehabilitants' work and professional lives, the individual work 
history has been found to affect employment outcomes significantly. It includes past 
income and employment developments as well as employment or job type related 
indicators (see for example Adams & Williams, 2003; Cornelius et al., 2011; Giesen J. 
& Cavenaugh Brenda, 2013; Ottomanelli & Lind, 2009). Blue-collar and manual labor 
is usually associated with reduced employment outcomes. Moreover, a supportive 
work environment and the status of employer-employee relations have been found 
to significantly affect return-to-work rates (Franche et al., 2005; A. Muijzer, 
Groothoff, Geertzen, & Brouwer, 2011). Other, more difficult-to-measure 
characteristics affecting employment results are, for example, the individual 
motivation for work, intelligence, determination, commitment or the ability to cope 
with stress (Gericke, 2010).  
Taken together, from what is known about returning to work after having 
experienced a disabling injury or disease, the ability to return to meaningful 
employment depends not only on the quality and type of the rehabilitation measure 
but also on personal and contextual characteristics.  According to a recent review on 
studies that examine the drivers of occupational reintegration after vocational 
education and training (Streibelt & Egner, 2012b), there is some evidence that this is 
also true with regards to the employment outcomes after participation in vocational 
rehabilitation. However, the authors point to the need for further studies to confirm 
earlier results and to clarify known uncertainties in the available evidence. So far, 
much of the available evidence concerning the determining factors is limited to small 
sample sizes and specific institutional settings.   
This thesis re-assesses the question of the direction and size of person- and 
occupation-related factors with regards to employment outcomes after participation 
in vocational rehabilitation in Germany. One feature of the data used is that it allows 
outcomes to be compared across different treatments and health states. The data 
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includes representative longitudinal employment records of the German pension 
insurance fund from more than 19,000 participants of vocational rehabilitation 
between 2007-2009. In the analysis, rehabilitants are compared to each other to 
determine the extent to which differences in employment outcomes can be linked to 
the participants’ socio-economic backgrounds. By drawing comparisons across 
rehabilitants, this analysis contributes empirically to a growing body of literature on 
individual-level facilitators and barriers to return-to-work.  
 
2. To what extent do vocational re-training programs impact employment outcomes 
and influence dependency on social security benefits? 
While an impressive amount of literature has shown that individual wages increase 
with general education (for a review, see Card, 1999) and that re-training for the 
unemployed improves the employment situation (Card et al., 2010), whether this is 
also true for vocational re-training measures for people with a disability is unclear. 
So far there is only limited evidence on the effectiveness of vocational rehabilitation 
for people with a disability.  
Although a plenitude of systematic evidence shows how interventions implemented 
at the workplace impact employment outcomes (Cullen et al., 2018; Franche et al., 
2005; Furlan et al., 2012; Hoosain, de Klerk, & Burger, 2019; McDowell & Fossey, 
2015; Nevala et al., 2015; Odeen et al., 2013; van Vilsteren et al., 2015), there is less 
conclusive evidence on the effects of (out-of-job) re-training measures: Some recent 
empirical studies indicate a positive effect of re-training on income and employment 
(Campolieti et al., 2014; D. Dean et al., 2015; Laaksonen & Gould, 2015) while other 
authors find little or no effects resulting from program participation (Aakvik, 2003; 
Frölich et al., 2004). Interpreting these findings is complicated by differences in study 
populations, methods used and in the vocational rehabilitation measures analyzed, 
which may have different mandates, strategies and curricula.  
A common problem when analyzing vocational re-training measures is that 
researchers generally struggle to recruit study participants, which may limit the 
types and appropriateness of methods being used (Lysaght, Kranenburg, 
Armstrong, & Krupa, 2016). Treatment allocation is generally considered to be non-
random and dependent on the rehabilitants’ individual situations. Due to their 
individual health situation, people with a disability are a heterogeneous group, 
making it difficult to find suitable comparison groups for program evaluation (Sears, 
Rolle, Schulman, & Wickizer, 2014). Individuals who are deemed eligible to 
participate in rehabilitation measures usually cannot be denied access to the 
services. The challenge in evaluating the impact of an intervention is thus to obtain 
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a credible estimate on the counterfactual scenario: What would be the outcome had 
the re-training participants not completed the measures?  
In this thesis, rich administrative data about Germany is used as a case study to 
provide new and unique evidence on the effects of vocational re-training on long-
term employment outcomes. While adjusting the results for measured confounders, 
the research shows to what extent completion of a re-training program influences 
subsequent income and employment development. Additionally, the influence of 
the re-training programs on the number of days with unemployment and social 
security benefits and with regards to the uptake of a pension due to a limited 
earnings capacity is evaluated.  
In the absence of a natural control group, an applicant-based (internal) control group 
is utilized to estimate the program impact. By drawing a comparison with a group 
of similar program dropouts, this analysis also adds to a methodological debate on 
how to estimate program effects of re-training measures from observational data. 
The estimated treatment effects described in this thesis provide policymakers with 
detailed information about interventions’ abilities to improve an individual’s 
employment status and show to what extent these improvements are sustained over 
time. 
3. Are there significant differences between the effects of one- and two-year re-
training programs with regards to income earned, employment days and social 
security benefit receipt? 
Traditionally, German vocational re-training programs have focused on long-term 
re-training measures that are often completed by formal examinations. Following 
criticism with regards to lock-in effects, there has been an increase in the usage of 
so-called partial re-training measures that usually can be completed within a year. 
Due to political initiatives that have the aim to strengthen the role of horizontal 
training, partial qualifications are becoming increasingly popular as an alternative 
to the more involved full re-training. 
A recent evaluation of the differential impact of partial and full re-training measures 
(Bethge & Streibelt, 2015) suggests that the, shorter, partial programs provide similar 
employment effects to the traditional, more involved, full programs. Using four 
years of follow-up data, the authors showed that, for the matched rehabilitants, 
partial qualifications led to at least comparable integration results compared to 
qualifications from the longer full re-training programs. The results are linked to the 
earlier findings from Biewen & Waller (2007), who find that short-term programs 
are surprisingly effective when compared to the traditional and more expensive 
longer-term degree programs; a finding similar to that of Fitzenberger & Völter 
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(2007), who examined the comparative effectiveness of public-sponsored training 
programs of the German federal employment office.2  
However, compared to the duration of the measures studied, the post-treatment 
observation period of previously published studies is too short to examine the 
question of long-term effects. According to Streibelt & Egner (2012), the time of 
follow up strongly influences studied outcomes. Accordingly, the benefits of fully 
qualifying services in terms of more stable employment might only be reflected with 
a significantly longer follow-up period. Consequently, there is a need for empirical 
evidence on long-term outcomes to assess the question of long-term effectiveness 
and efficiency.  
In this thesis, the extent to which participation in shorter or longer re-training 
measures affects a person’s ability to return to work is, thus, re-assessed using eight 
years of follow-up data. The goal is to examine whether program allocation into a 
one- or two-year program is, on average, more effective in the long run. This 
research is carried out on two levels: First, average treatment effects are calculated 
to compare the potential outcomes of all rehabilitants under each treatment scenario 
over an eight-year post-treatment observation period. Second, the analysis of the 
treatment effects is limited to the subset of individuals that received a two-year (one-
year) re-training in order to determine the (potential) incremental effects of the 
longer duration program.  
The analysis contributes to a growing body of literature on the comparative effects 
of publicly funded training programs for people with a disability. Considering a 
longer post-treatment observation period, this analysis provides new evidence on 
the relative effectiveness of vocational re-training programs for persons with a 
disability in Germany. 
4. What are the financial returns for providers of the re-training programs: are the 
measures cost-effective? 
Whereas legal and social obligations can largely explain expenditures directed at 
rehabilitation and reintegration, supporting people in the work reintegration 
process can also be viewed as an economic decision. By enabling workers to stay 
economically active despite possible health deficiencies, return to work programs 
can be viewed as important drivers of economic stability and growth (OECD, 2009). 
Although rehabilitation and reintegration measures are economically important 
 
2 For a more comprehensive survey of the empirical literature, refer to the available reviews: 
Biewen et al. (2006) and Deeke et al. (2011). 
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investments, debates about the cost of such measures often dominate public 
discussions.  
To date, systematic cost-benefit analyses that estimate the direct and indirect effects 
achieved and contrast them with the costs of the measures are generally missing.  To 
assess whether vocational re-training is a worthwhile investment, also from a 
financial perspective, it is, thus, necessary to itemize the services and their resulting 
costs to be able to evaluate them economically.  
In this thesis, the long-term economic impact of vocational retraining on social 
security providers’ balance sheets is investigated. While considering consumed 
resources and various economic benefits, cost-benefit relationships of one- and two-
year vocational re-training programs are estimated. The analysis provides new 
insights into the cost-effectiveness of vocational re-training for people with a 
disability in Germany, contributing to a better understanding of the economic 
potential of these measures.  
1.4 Study context and research methods 
1.4.1 Study context 
Overall there are 3.25 million people in working age in Germany with a severe 
disability. Contrary to popular belief only 3% of the disabilities are congenital or 
occurred in the first year of life. The majority, 88% of disabilities, are caused by 
illness developed at some point in life. For this reason, people with a severe 
disability are disproportionately higher represented in the higher age cohorts. More 
than 1.3 million persons in Germany, 40 percent of people with severe disabilities in 
working age, are between 55 and 65 years old. However, the share of this age cohort 
in all persons of working age is only half as high. (Statistisches Bundesamt, 2017) 
The ongoing aging of the German workforce poses challenges to care systems, social 
security and economic productivity (Weber, Peschkes, & de Boer, 2015). More than 
a quarter of the working-age population will be above the age of 55 by 2020 (Weber 
et al., 2015). Since older workers are more likely to develop a disability, the share of 
active workers is currently decreasing, a trend that is also related to population 
aging, which results in a decreasing absolute number of potential workers. In 2017, 
the German economy was assessed to have a shortage of 440,000 skilled workers 
(Burstedde, Kolev, & Matthes, 2017). The effect of this shortage on economic 
production was estimated to be 30 billion Euros, or equally, a loss of one percent of 
gross domestic production (Burstedde et al., 2017). In the years to come, the number 
of workers is predicted to further decrease when the majority of the baby-boomer 
generation retires (Swiaczny, 2016).  
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The sources of disabilities have been changing, too, with an increasing number of 
disability claims appearing relatively early in working life, exhibiting long claim 
durations and high survival rates (chronic back problems, mental problems). The 
average age of persons that have been admitted a pension due to a reduction in 
earnings capacity is 51.7 years (DRV, 2017). At the same time, legal retirement ages 
in Germany have been raised to 67 to overcome the ongoing demographic 
challenges. This extension can already be observed in the statistics of the German 
Pension Insurance Fund: In 2000, workers admitted into old-age pension were on 
average 62.3 years old; in 2016 average retirement ages due to old age have increased 
to 64.1 years (DRV, 2017). These changes mean that, in the case of a disability or 
illness that prevents the worker from returning to work, the gap between working 
and retiring is increasing. 
The developments described in the previous paragraphs have led to a rapid increase 
in the economic costs due to longer periods of inability to work, sickness-related 
unemployment, rehabilitation and early retirement from work. While the total 
expenditure for the rehabilitation services of the German Pension Insurance Fund 
increased by approx. 24 percent, from 5.0 to 6.2 billion euros between 1995 and 2010, 
the share of benefits for vocational rehabilitation increased in the same period from 
about 648 million to 1,269 billion euros (DRV, 2017). This means that, while about 
three-quarters of the total costs (2015: about 4.05 billion euros) are attributable to 
medical rehabilitation, the increase in overall rehabilitation expenditure is, to a large 
extent, due to the increase in vocational rehabilitation costs. Accordingly, the recent 
increase in usage of vocational rehabilitation measures demands a critical 
assessment of the effectiveness of the additional resources spent. 
Vocational Rehabilitation in Germany 
This thesis focuses on the employment outcomes of participants in vocational 
rehabilitation organized under the German Statutory Pension Insurance Fund 
(Deutsche Rentenversicherung Bund). The people studied throughout this project are 
individuals who have been provided with a vocational rehabilitation measure as a 
result of an injuring disability or illness that prohibits them from carrying out former 
job tasks.  
The rehabilitation system of the German Pension Insurance Fund provides good 
conditions to study the effects of vocational rehabilitation measures on actual labor 
market outcomes for several reasons. There is a long tradition of implementing 
different forms of public programs ranging from short measures to medium- and 
long-term vocational rehabilitation programs. In addition, policymakers have 
developed a growing awareness of the need to re-evaluate implemented labor 
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market policies. This awareness has contributed to researchers gaining access to 
existing data sources, which can be used for policy analysis.  
Vocational rehabilitation is a fundamental element of German social and 
employment-market policy and is increasingly being used to assist people with 
disabilities to overcome barriers to employment and facilitate their participation in 
working life. The observed increase in rehabilitation expenditure described in the 
previous section results from increased demand for vocational rehabilitation, 
influenced both by the labor market and demographic changes, and from a greater 
politician and tax-payer awareness of the importance of vocational rehabilitation for 
a sustainable return to work. For the taxpayers, it is particularly significant that 
vocational rehabilitation pays off. The premise “rehabilitation before retirement” is 
not only a political task; it also reflects the individual and economic gain linked to 
successful occupational reintegration (Weber et al., 2015). 
The German Statutory Pension Insurance Fund is one of Europe’s largest providers 
of vocational rehabilitation measures, investing more than a billion euros every year 
into vocational rehabilitation (DRV, 2017). Depending on the source of disability and 
the allocated measures, different implementing agencies are responsible for the 
provision of vocational rehabilitation services. The type of training measures is 
usually assigned by a caseworker. Given the regional availability of training 
programs and other local circumstances, the caseworker may exercise a great deal 
of discretion in the program allocation process. Suitable programs are chosen by the 
provider from a large pool of certified private or public institutions specialized in 
different professions and skill training.  
The main goal of vocational rehabilitation is to permanently reintegrate individuals 
back into employment and to avoid early retirement. The return to work is, thus, the 
target outcome of vocational rehabilitation and simultaneously an indicator of its 
effectiveness. The right to vocational guidance and training is manifested in 
European social law (Council of Europe, 1996, sec. 10) and implemented in Germany 
through the ninth book of the Code of Social Law (§§49-54, §57, §60 SGB IX3) 
To become eligible for a vocational rehabilitation measure with the German 
Statutory Pension Insurance Fund, candidates must satisfy any of the following 
eligibility criteria: Either the applicants 1) already have to receive a pension due to 
limited earnings capacity, or 2) assessment shows that, without the measure, the 
pension provider would have to pay out a pension due to limited earnings capacity, 
or 3) a medical rehabilitation by itself is determined to be insufficient for proper 
 
3 Ninth book of the German Code of Social Law 
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reintegration into the labor market or, lastly, 4) the qualifying minimum insurance 
period is fulfilled4. Moreover, the training scheme needs to be considered necessary 
for the rehabilitant and a positive chance for the success of the measures and 
consequent re-employment should exist. This is the case, for instance, when the 
chances for employment in the target occupation of the rehabilitant are good but 
require additional skills or job-specific knowledge.5  
The allocated measures range from workplace accommodation to professional re-
training and education courses being tailored to the individual needs and 
capabilities of the person with a disability. Overall there are 40 different types of 
measures, which can be grouped into nine categories: (1) workplace accommodation 
measures, (2) job preparation measures, (3) vocational re-training measures, (4) 
workshops for people with disabilities, (5) rehabilitation programs for people with 
a mental illness, (6) employer services, (7) aptitude testing, (8) mobility grants, (9) 
startup subsidies. These groups of measures are briefly described below.  
(1) Workplace accommodation measures refer to service provisions in which people 
with disabilities are assisted in obtaining and maintaining employment for example 
through the provision of technical aids or work equipment. (2) Job preparation 
measures refer to training courses or counseling sessions aimed at preparing the 
(disabled) individual for work in the regular labor market. (3) Vocational re-training 
measures refer to education programs that prepare people to work in professional 
vocations. (4) Workshops for people with disabilities (sheltered employment) refer 
to programs consisting of routine-oriented tasks and activities that allow people 
with disabilities to gain work experience outside the regular labor market before 
entering the workforce. (5) Rehabilitation programs for people with a mental illness 
employ specialized psychologists to provide vocational guidance and facilitate labor 
market reintegration. (6) Employer services refer to direct financial assistance 
provided to employers for adapting the workplace and for providing training or 
retraining measures in the company. (7) Aptitude testing refers to tests designed to 
determine a person's ability in a skill or field of knowledge. (8) Mobility grants refer 
 
4 Depending on the rehabilitation benefit, this may be a waiting period of five or fifteen years, 
in other cases it is sufficient to have paid compulsory contributions to the pension insurance 
in at least six calendar months in the past two years prior to the application. 
5 Apart from eligibility criteria, several exclusion criteria also exist: If, due to a work accident 
or illness, the individual is already entitled to a similar measure with a different rehabilitation 
provider (e.g. the statutory accident insurance or the unemployment offices); for individuals 
who already receive an old-age pension of at least two-third of their full pension, or that have 
applied for one and for civil servants and pension schemes of the liberal professions as well 
as for retirees and people living mainly abroad. 
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to assistance provided for acquiring and using a car and for related modifications 
that accommodate a functional restriction.  (9) Startup subsidies refer to grants paid 
to founders of a new business.   
A distinctive feature of the German vocational rehabilitation system are the well-
developed vocational re-training programs, which provide individuals unable to 
return to their former employment with an opportunity to learn a new profession. 
Approximately, one-quarter of all expenditure on vocational rehabilitation is spent 
on vocational re-training (DRV, 2017). Vocational re-training measures are usually 
based on manual or practical activities and are traditionally non-academic and 
related to a specific trade or occupation. Within the pool of available re-training 
measures, the courses can be classified into partial and full re-training programs. 
Apart from the fact that both types of re-training programs require full-time 
participation, they differ considerably in contents and length. 
Full-length re-training programs are comparable to regular apprenticeships 
programs, typically lasting for two years. During the measures, classroom training 
is combined with on-the-job training to learn skills and obtain a professional 
qualification in a new field of work. Since their implementation in the 1970s, the 
measures have received a great deal of acceptance, despite the high importance of 
professions and professional degrees with regards to finding a job in Germany 
(Beiler, 2013). Partial qualifications, on the other hand, aim at extending existing 
competencies with additional skills, e.g. in the fields of business administration or 
information technology. The measures are usually completed within a year with the 
aim to reintegrate the participants quickly into working life.  
1.4.2 Data 
In Germany, policymakers have developed a growing awareness of the need to 
assess and re-evaluate implemented labor market reintegration policies. 
Establishing a framework to empirically evaluate applied measures is needed to 
optimize the provision of services and verify that training objectives have been 
achieved. This need has contributed to researchers gaining access to already existing 
databases. As a result, informative data sets that merge different administrative 
sources can now be used for policy analysis. In fact, the collection of program and 
outcome data is implemented into German social law, a fact that has contributed to 
researchers gaining access to informative longitudinal program data for program 
evaluation.  
Routinely, the German Statutory Pension Insurance Fund compiles extensive 
databases of rehabilitation cases that date back to the early 2000s. One of the 
advantages of the available administrative datasets is that data on income and 
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employment of program participants (including graduates of the measures as well 
as program dropouts) is collected over a long period of time and for representative 
samples of rehabilitants. Since the data can also be linked to personal socio-economic 
and health information, the lack of detailed micro-data present in many other 
evaluation studies can be overcome, enabling micro-founded impact analysis. 
The data used for this analysis was collected from the administrative data records of 
the German Statutory Pension Insurance Fund. The retrieved databases consist of 
process-generated information on the earnings development and insurance 
relationship for several cohorts of rehabilitants that entered the vocational 
rehabilitation program between 2005 and 2009. The so-called “Scientific Use File“ 
SUF_RSDV2013, retrieved in mid-2016, was made available by the “Research Data 
Centre of the German Statutory Pension Insurance Fund” and consists of four databases.  
The first database includes a random sample of all the cases with at least one 
vocational rehabilitation measure for 2005-2009 and a range of variables linked to 
implementing the rehabilitation program. Moreover, it provides information on 
some labor-market-related and personal characteristics at the time of application for 
treatment. To better account for the health situation, participants’ medical discharge 
information from hospitals and other medical facilities is also included. The data 
includes information on the type of granted rehabilitation measure, the date of 
approval, the rehabilitation start date, medical discharge diagnosis (ICD), 
employment and occupational status at the time of application, residential region 
and the participants’ marital status at the time of application for vocational 
rehabilitation. The coding name of this first dataset is SUFRSDLV13BFB. 
The second dataset was retrieved from the pension insurance follow-up database, 
which provides information on the participants’ insurance relationships. It consists 
of observations from 2003-2013, including annual individual income and days of 
(un-)employment data. It, thus, overcomes the lack of detailed labor market data 
present in many other studies. In this study, the following variables are used from 
this file: year, yearly income, annual days of employment, days with short- or long-
term unemployment benefits and days with other social-security benefits. The 
coding name of this second dataset provided is SUFRSDLV13BYB 
To provide further information on the participants’ socio-demographics, a third 
dataset was merged with the previous files. The latter file includes data on the 
persons’ sex, birth (death) years, nationalities and highest attained levels of 
education. The coding name of the third dataset provided is SUFRSDLV13KOB  
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A fourth dataset provided information on receiving a pension. The data comprises 
information on whether a pension due to a reduced earnings capacity was paid out 
as well as on the level of the pension benefits awarded. The coding name of the 
fourth dataset provided is SUFRSDV13RTB  
To retrieve information on the employment status before and after participation in 
vocational rehabilitation, the longitudinal labor market data was merged with the 
rehabilitation data. The unique identifier, present in all four databases used to merge 
the data, is the variable “case”. Data management and analysis were performed 
using the statistical software Stata 14.26.  
1.4.3 Econometric approach 
The main part of this thesis consists of four empirical chapters that are each based 
on the previously introduced administrative data set, retrieved from the German 
Statutory Pension Insurance Fund. The underlying framework for the analysis of 
program effects is that of human capital theory: Human capital theory assumes that 
education develops skills, that these skills increase a worker's capacity to be 
productive and that increased productivity leads to better employment outcomes. 
The starting point of the quantitative analysis was the measurement of employment 
outcomes for several years before and after participation in a vocational 
rehabilitation measure associated with the German Statutory Pension Insurance 
Fund. The analysis then proceeded to estimate 1) the partial effects of socio-
economic determinants on these employment outcomes, 2) the treatment effects 
associated with vocational re-training, 3) the incremental effects of the more 
involved re-training program, and 4) the effects of vocational re-training on the 
social security system.  
The following paragraphs summarize the econometric approach taken to answer the 
research questions formulated in the previous section. 
1) The research design in the analysis of socio-economic factors can be described 
as a before-after comparison as differences in pre-post outcomes among 
different groups of rehabilitants were assessed. Ordinary least squares 
regression models were used to derive partial regression coefficients for 
individual-level determinants. First, a multivariate analysis of the variance of 
before-after differences in employment outcomes was performed (gain score 
approach). Second, a lagged dependent variable was included, and the 
 
6 All estimations were carried out using the statistical Software Stata 14.2. StataCorp LLC, 4905 
Lakeway Drive, College Station, Texas 77845-4512, USA. 
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calculation was repeated considering heterogeneity in pre-treatment 
employment outcomes among socio-economic groups. Both steps aimed to 
provide an estimate on the size and direction of partial regression coefficients 
for individual-level rehabilitant characteristics. In the analysis, rehabilitants 
were differentiated by demographic as well as by work-related characteristics 
such as age, gender, job position or last employment status, thus allowing an 
evaluation of the partial effects of these factors on before-after changes in 
income, employment days and days with short-term unemployment benefits.  
The two types of regression setups were included in this analysis because they 
provide answers to different questions. The first, gain score analysis, yields the 
more intuitive outcomes illustrating the overall income and employment 
development of different socio-economic groups of rehabilitants. However, 
those with larger pre-test outcomes can generally experience larger changes than 
those with lower scores at the pre-test when using a change-score approach. This 
is because without any employment in the years before entering the 
rehabilitation program, the change score cannot be negative. Thus, an 
alternative estimate is provided, illustrating the income and employment 
development of the different socio-economic groups, given that the rehabilitants 
would have earned the same before program admission. Since, in comparison 
to a change score analysis, in the second, lagged dependent variable, approach 
the pre-test outcomes enter the regression function as covariates (instead of 
being subtracted from the post-rehabilitation outcomes), the corresponding 
error distribution can be used to explain the variation (variance) in post-
treatment outcomes. This procedure allows a different interpretation compared 
to the first analysis.  
2) The employment effects associated with vocational re-training were analyzed 
through retro-perspective quasi-experiments. In the analysis, a “selection on 
observed variables strategy” was adopted making use of available pre-treatment 
data on the rehabilitants’ socio-economic statuses to identify conditional 
treatment-probabilities. The set of independent variables included variables for 
the treatment status, representing the type of vocational rehabilitation program 
a rehabilitant participated in, as well as of micro-level covariates consisting of 
individual and environmental contextual factors. 
The program impact was calculated using inverse probability weighted 
regression adjustment. Specifically, the average treatment effect and the average 
treatment effect on the treated of completion of re-training were estimated 
against the alternatives of non-completion. In the absence of a natural 
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comparison group, an internal comparison group design was used to compare 
outcomes with and without vocational re-training. In a much-cited academic 
paper, Dean & Dolan (1991) argue that the preferred control group in an 
evaluation of training programs should consist of clients who enroll in the 
services and get admitted but never graduate from the program. This is because 
using program dropouts reduces concerns about selection bias since dropouts 
and completers share the same motivation to apply for the vocational re-training 
program, satisfy the relevant eligibility criteria and probably exhibit similar 
levels of (unobserved) severities in their disabilities. To examine the effect of 
vocational re-training on labor market reintegration, several outcome measures 
were used: The primary estimated outcome variable was the accumulative 
income earned in the first eight years after program admission. Secondary 
outcomes consisted of days with employment and the number of days with 
unemployment and other social-security benefits.7  
3) Often valid control groups can also be found by analyzing participants in 
competing vocational education programs. These groups are permissible in this 
research because the best alternative to a certain educational program is not 
necessarily to receive no education; it might be to participate in a different 
program instead. To test for the differential effects of one- and two-year re-
training programs, treatment effects of both programs were directly compared. 
Specifically, the average treatment effect on the treated of participation in two-
year re-training programs was estimated against the alternatives of participation 
in shorter, partial re-training to examine whether the additional year of 
education “paid-off” from the perspective of the participant. 
4) To evaluate the cost-effectiveness and cost-efficiency from the perspective of 
social security, the benefits of vocational rehabilitation to providers were 
compared with the incurred expenditure. The main challenge in the analysis of 
economic effects was to quantify the different benefits and costs of the 
interventions and to develop adequate predictions about the future 
development of received wages and benefits. In this study, the benefits were 
quantified based on the results of the quasi-experiments described in chapters 
three and four while costs were based on a combination of primary data and 
information retrieved from secondary literature.  
First, the direct effects on wages and benefit receipt were extrapolated to provide 
out-of-sample estimates on the impact of vocational re-training measures over 
 
7 After 2010, information on long-term (means-tested) unemployment benefits is unavailable 
due to changes in legislation. 
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an entire working life. After extrapolating the treatment effects, additional tax 
collection and contribution collection as a result of increased income were 
calculated. Furthermore, prevented un-employment and other social-security 
benefit pay were monetarized and factored in. This process provided the basis 
for calculating benefits for social security providers. The cost-effectiveness and 
efficiency of the measures were, then, evaluated using a break-even analysis, net 
present value analysis, return-on-investment analysis and by calculating the 
internal rate of return.  
1.5 Outline of the thesis 
The book comprises six chapters. In Chapter 1, the aims and contributions of the 
thesis and the research questions have been introduced. Chapter 2 provides a 
detailed overview of the influence of socio-economic factors on changes in 
employment outcomes before and after participation in a vocational rehabilitation 
measure. Chapter 3 investigates the impact of vocational re-training before the 
duration effects of the re-training programs are further assessed in Chapter 4. 
Chapter 5 introduces the costs of re-training and secondary benefits to social security 
into the calculation to assess whether the applied measures are cost-effective from 
the perspective of (public) social security systems. Chapter 6 presents the 
conclusions of this thesis. Below is a brief description of each chapter.  
Chapter 2: The role of socio-economic factors 
In the second chapter, the extent to which differences in employment outcomes can 
be linked to the participants’ socio-economic backgrounds is estimated. This chapter 
comprises a longitudinal analysis of the income and employment outcomes of 
multiple cohorts of rehabilitants. The focus of this chapters’ analysis is on differences 
in these employment outcomes, linked to the participants’ socio-economic 
characteristics. Since participants in vocational rehabilitation are a heterogeneous 
group of people, with different social and occupational backgrounds and different 
health situations, possible barriers to work reintegration can only adequately be 
assessed with reference to the rehabilitants’ individual situations. A needed step to 
improve the empirical evidence is, thus, to assess the relevant person-related factors 
influencing return-to-work outcomes. This chapter provides an overview of the 
direction and size of the relevant person- and occupation-related factors such as age, 
gender, education, employment history, job type as well as other relevant socio-
economic characteristics. 
Chapter 3: The impact of vocational re-training on employment outcomes 
In the third chapter, the impact of vocational education is estimated by drawing a 
comparison between program completers and non-completers. An impressive 
22 
 
amount of literature has shown that individual wages increase with general 
education; whether this holds also for vocational education measures for people 
with a disability is unclear: So far there is only limited evidence on the effectiveness 
of vocational education for people with a disability. This chapter evaluates the size 
of the absolute treatment effects of one- and two-year programs on work 
participation outcomes in Germany.  
Chapter 4: One-and two-year re-training in comparison: does the extra year pay 
off? 
In the fourth chapter, the extent to which one-year and two-year vocational re-
training programs have similar effects on employment outcomes is further 
examined. Although the shorter re-training programs require less time and smaller 
financial resources, recent assessments have found that they might provide 
employment effects comparable to the traditional two-year programs. In this 
analysis, this claim is challenged based on longitudinal cohort data of participants 
of vocational rehabilitation. Through the calculations, it is possible to determine 
which type of programs have a larger impact on labor market outcomes for the 
average participant. Thereby, this chapter’s analysis contributes to closing a relevant 
gap in prior literature on the effects of competing treatment alternatives/strategies.    
Chapter 5: The return on vocational re-training: cost-effectiveness from the 
perspective of social security 
In the fifth chapter, the long-term impact on the social security systems' financial 
balance sheet is evaluated. While considering consumed resources and economic 
factors such as inflation, cost-benefit calculations of one- and two-year re-training 
programs are performed. By providing new evidence on metrics such as the net 
present value, the return on investment or the internal rate of return, this chapter’s 
analysis contributes to a better understanding of the economic consequences of 
vocational re-training.   
Chapter 6: Conclusions and policy implications 
The sixth chapter presents the conclusions of this thesis. It comprises a summary and 
discussion of the gathered evidence with regards to answering the four research 
questions posed in the introduction as well as a discussion on policy implications, 
possible limitations of this study and recommendations for future research. The 
thesis concludes with a summary of the main scientific contributions.  
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2. The role of socio-economic factors 
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2.1 Introduction 
One important step in improving the provision of vocational rehabilitation measures 
is providing an assessment of the relevant person-related and environmental factors 
influencing long-term employment outcomes. Because people with a disability and 
those at risk of becoming disabled do not constitute a homogeneous group of people, 
possible barriers to work reintegration can only be adequately assessed with 
reference to the rehabilitants’ individual situations (Hoffmann, 2004).  
Many studies on labor market consequences of vocational rehabilitation do not 
present disaggregated results by age groups, gender and other environmental 
variables. Yet there is a wide demand for representative empirical data as detailed 
results are needed to be able to investigate and react to the specific needs and 
responses of individuals with regards to vocational rehabilitation.  
In research on the return to work of people with a disability, the complex 
relationship between demographic and work factors has been evident for some time 
(Baril, Berthelette, & Massicotte, 2003; Foreman, Murphy, & Swerissen, 2006;  
Muijzer, Groothoff, De Boer, Geertzen, & Brouwer, 2010)). In particular, the factors 
age, gender and health status have repeatedly been shown to significantly affect 
rehabilitation outcomes (Gericke, 2010; Meschnig, von Kardorff, & Klaus, 2019; 
Schmidt, Flach, & Begerow, 2011; Streibelt & Egner, 2012b). 
Age and return-to-work outcomes are negatively correlated (Blackwell et al., 2004; 
Cancelliere et al., 2016; Dodoo-Schittko et al., 2017; Valentin et al., 2016; Van Muijen 
et al., 2013). A possible explanation is that older workers are less likely to adapt to 
new situations and have poorer chances on the labor market than younger 
applicants. Moreover, many elderly workers have less of an incentive to return to 
work as they are often only a few years away from retirement.  
With regards to the effects of gender, empirical results are similarily consistent, 
demonstrating that males generally have higher return-to-work outcomes compared 
to females, everything else being equal (Cancelliere et al., 2016; Cornelius et al., 2011; 
Feuerstein et al., 2001; Giesen J. & Cavenaugh Brenda, 2013; Saltychev et al., 2013; 
Stergiou-Kita et al., 2016). A frequently made argument here is that the lower 
performance of females with regards to labor market reintegration might be the 
result of a male-centered work environment, the invisible “glass ceiling” or greater 
physical stress and time demands outside the working place being placed on 
women.  
The majority of findings on the effect of the marital status of the rehabilitants on 
work outcomes indicate that married individuals are more likely to return to work 
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and that the divorced are particularly vulnerable to staying out of work (Kreutzer et 
al., 2003; Selander et al., 2002; Street & Lacey, 2015; Yasuda et al., 2002). While not all 
authors agree on the causes, the positive effect of being married on rehabilitation 
outcomes is thought to be partially attributed to the social support received through 
marriage. Singles are at a greater danger of leaving the labor market permanently.  
The level of prior education has also been found to be strongly correlated with 
return-to-work outcomes (Blackwell et al., 2004; Cancelliere et al., 2016; Giesen J. & 
Cavenaugh Brenda, 2013); the likelihood of successfully returning to work increases 
with additional education. The research results suggest that the improved outcomes 
for more highly educated individuals may be the result of greater adaptability with 
regards to coping with the health effects of disabilities, as well as with regards to 
possible changes in occupational activities. Other, more difficult to measure, 
characteristics affecting employment results are, for example, the individual 
motivation for work, intelligence, determination, commitment or the ability to cope 
with stress (Gericke, 2010).  
Concerning the rehabilitants' work and professional lives, several studies found that 
individual work history significantly affected employment outcomes. The history 
included past income and employment developments, as well as employment or job 
type related indicators (see for example Adams & Williams, 2003; Cornelius et al., 
2011; Giesen J. & Cavenaugh Brenda, 2013; Ottomanelli & Lind, 2009). Blue-collar 
and manual labor is usually associated with reduced employment outcomes. 
Moreover, a supportive work environment and the status of employer-employee 
relations have been found to significantly affect return-to-work rates (Franche et al., 
2005; A. Muijzer et al., 2011).  
This chapter contributes from a labor market perspective to the literature on the 
topic of vocational rehabilitation. It does so by answering open questions with 
regards to measuring long-term employment outcomes and by estimating the socio-
economic determinants on a rehabilitant level. For 19,250 participants of vocational 
rehabilitation in the German labor market, results four years before and after 
program entry were retrieved and compared. This comparison examined the effects 
of socio-economic status by determining to what extent differences in attained 
employment outcomes could be linked to the rehabilitants’ demographic and 
occupational statuses.  
This chapter is organized as follows: The methods section presents the study design 
and population, the data and the econometric approach. In the results section, the 
development of employment outcomes over time is analyzed before estimates of the 
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influence of the measured socio-economic factors on changes in the employment 
status are presented.  
2.2 Methods 
2.2.1 Study design and population 
The research design for the analysis of socio-economic determinants can be 
categorized as a before-after comparison. In the analysis, before-after differences in 
employment outcomes among socio-economic groups of rehabilitants were 
estimated. The starting point for the empirical analysis was the collection of 
employment data on people who had participated in a vocational rehabilitation 
measure with the Germany Statutory Pension Insurance Fund in the years 2007-
2009. Subsequently, an analysis of variance and covariance of these employment 
outcomes was performed to estimate partial regression coefficients for individual-
level rehabilitant characteristics registered. Rehabilitants were differentiated by 
demographic and work-related characteristics including their age, gender, marital 
status and nationality, place of residence, job position, employment status and prior 
employment history. Furthermore, to control for possible health differences among 
participants, medical discharge information from hospitals and other medical 
facilities was included as a control. 
2.2.2 Data  
The retrieved data consisted of a random sample of all vocational rehabilitation 
measures approved by the insurer between 2005 and 2013. The “Scientific Use File“, 
retrieved in mid-2016, was made available by the “Research Data Centre of the German 
Pension Insurance” and was composed of three databases: The first database included 
a random sample of all the cases with at least one vocational rehabilitation measure 
and a range of variables linked to the implementation of the rehabilitation program. 
Moreover, it provided information on some labor-market-related and personal 
characteristics at the time of application for treatment.  
In a second step, the rehabilitation data was merged with longitudinal labor market 
data to retrieve information on the employment status before and after the 
participation in vocational rehabilitation. That employment data was retrieved from 
the pension insurance follow-up database, which provides information on the 
insurance relationship of the participants. It consisted of observations from 2003-
2013, including data on yearly individual income and days of (un-)employment, 
overcoming the lack of detailed labor market data present in many other studies. To 
provide further information on the participants’ socio-demographics, a third dataset 
was merged with the previous files. The latter file included data on a person’s 
gender, birth year, nationality and highest attained level of education.  
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The first challenge was to identify the year in which a rehabilitant entered a 
program. To identify the correct year for matching in the rehabilitation file, the 
rehabilitation start date was used. When no start data was entered, the case when, 
for example, measures consisted only of the provision of technical aids, the date of 
approval was used. In a second step, the income and employment observations from 
several years before and after participation were used to generate timely lagging 
variables added horizontally to each rehabilitation case. The resulting cross-
sectional dataset provided information on the rehabilitants’ income and 
employment developments over several years before and after participation in 
vocational rehabilitation. 
While most participants received more than one vocational rehabilitation measure 
over the observation period, the focus of this chapter’s’ analysis was on comparing 
income and employment results four years before and after entry into the vocational 
rehabilitation program. Data was, thus, limited to people who were allocated a 
vocational rehabilitation measure under the Germany Statutory Pension Insurance 
Fund from 2007-2009. The included cases were further limited to program entries 
for which labor market outcomes were available for all four years before and after 
participation in vocational rehabilitation and where all the participants’ baseline 
characteristics (socio-economic variables) were recorded. Moreover, to limit the 
observations to those in working age, rehabilitants below 20 and above 62 years of 
age were dropped from the dataset. The final sample consisted of 19,250 cases for 
which complete employment data was available, four years before and after 
participation in vocational rehabilitation, and for which all socio-economic variables 
were recorded.  
Outcome variables 
The rehabilitation literature has proposed several approaches with regards to the 
measurement of employment outcomes of interventions (see for example Steenstra, 
Lee, De Vroome, Busse, & Hogg-Johnson (2012) for a recent review); most commonly 
return-to-work is measured in some way as it is the primary goal of vocational 
rehabilitation programs. Return-to-work outcomes refer to an observation of the 
working status, at a period or point in time after experiencing a disabling disease or 
accident and often imply a comparison with the situation before. 
In this chapter, the following indicators were used as outcomes:  
(1) Nominal income, (2) real income, (3) days with employment, (4) days with 
short term unemployment benefits  
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Nominal income refers to income from labor that was subject to social insurance 
contributions. Income data collected by the German pension insurance is limited to 
a contribution ceiling. For annual incomes above €69,600 (€58,800 in the former East 
German states), the median value of €77,179 (€65,400) was recorded in the data 
instead of the true value. This potentially lowers the estimates, as annual income 
above the specified cut-off value was not properly recorded. Changes in real 
(inflation-adjusted) income were estimated using the average of historical inflation 
rates collected from the German Federal Bureau of Statistics between 2003 and 2013 
as the discount factor (Destatis, 2018). The mean annual discount rate used was equal 
to 1.6%. Using this value, all income flows in the four years before rehabilitation 
start, and in the four years after, were discounted into the year of rehabilitation 
admission (i.e. 2007-2009). Days with employment included all employment days 
including days with sickness absence benefits, if the employer is still obliged to pay 
wages. Short-term unemployment benefits are benefits of the German 
unemployment insurance, which are paid on the occurrence of unemployment. They 
are usually paid for up to one year after having lost employment, and for older 
unemployed people, for up to two years. 
Explanatory variables 
Among the group of explanatory variables, a focus was placed on the age-specific 
differences, as elder rehabilitants are generally considered to be particularly 
vulnerable with regards to labor market reintegration after having experienced a 
disabling injury or illness. To test, whether the outcomes of elderly workers differed 
to those of younger workers, age groups were created and included as indicator 
variables. Moreover, to detect differences in labor market outcomes linked to the 
rehabilitants’ genders, an indicator variable for being female was included. 
Moreover, the effect of marital status and nationality were considered; a set of 
indicators were included for each category.  
Prior educational attainments were considered through the inclusion of variables 
reflecting the level of schooling and professional education at program entry. 
Furthermore, employment and job-related dummy variables were included, such as 
the employment status before rehabilitation and the last job type. Further covariates 
were the treatment type, the residential region, the medical discharge diagnosis 
(ICD-10) and the calendar year of rehabilitation start. While the focus of the analysis 
was the socio-economic factors, it was, nevertheless, important to control for 
differences in treatment since the various programs have different lengths and 
could, therefore, also have a different impact on subsequent employment outcomes.  
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2.2.3 Econometric approach  
Two types of regression models were used to estimate partial regression coefficients 
for individual-level factors. The first approach was a multivariate analysis of the 
variance of differences in employment market outcomes before and after 
participation in a rehabilitation measure (gain score approach). The second method 
used a lagged dependent variable to better account for rehabilitant heterogeneity in 
pre-treatment outcomes. Both estimates aimed to provide an estimate on the size 
and direction of partial regression coefficients for individual-level rehabilitant 
characteristics.  
The reason for including these two types of regression setups in this analysis is that 
they provide answers to different questions. Analysis using gain scores yields the 
more intuitive outcomes, illustrating the overall income and employment 
development of different socio-economic groups of rehabilitants. However, in our 
setting, those with better pre-test employment outcomes can generally experience 
greater changes than those with lower scores at pre-test (they have more to lose) - 
rehabilitants without any income in the four years before entering the program 
cannot experience a negative income development, thus, the change score can only 
be positive. Therefore, an alternative estimate is provided, illustrating the income 
and employment development of the different socio-economic groups, given that 
the rehabilitants would have earned the same at the start of the program.  
In comparison to a change score analysis, in a lagged dependent variable approach, 
the pre-test scores enter the regression function as covariates. The corresponding 
error distribution can, thus, be used to explain the variation (variance) in post-
treatment outcomes. This method allows a different interpretation compared to the 
first analysis. The technical discussion between gain score and covariate adjustment 
is well documented in the scientific literature (see e.g. Glymour, Weuve, Berkman, 
Kawachi, & Robins, (2005) or  Maris  (1998) for a more extensive discussion). 
Change score regression approach 
The change score, defined as the difference between pre- and post-test results, is 
frequently used as the dependent variable in the comparison of two or more groups. 
Using the gain score approach, it is possible to control for differences in pre-test 
scores at an individual level by measuring the post-test score relative to every 
individual’s pre-test score. However, it is not possible to control for differences in 
pre-test scores between groups. As a result, using change scores when measuring 
changes has been criticized, commonly with the argument that the scores are less 
reliable than the raw values. The reliability depends on the nature of the data, for 
instance, whether the pre-test outcomes have a causal effect on the post-test results 
or whether the included explanatory variables are correlated with the pre-tests 
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(Allison, 1990). To compare the employment outcomes after participation in 
vocational rehabilitation with the situation before (using the change score regression 
approach), the dependent variable was constructed as follows: 
∆ =  (	 +  +  + ) − (	 +  +  + ) 
Lagged dependent variable approach  
In settings where starting positions are heterogeneous, using gain scores might be 
misleading while using pre-test scores as a covariate can, to a large extent, reduce 
error variance and eliminate systematic bias. This improvement results from 
including lagged values of the dependent variable into the group of controls, which 
allows the differences in pre-test scores between groups to be considered. The 
resulting estimates provide information on partial effects, given equalized pre-test 
scores of the dependent variable. The interpretation of the regression coefficients, 
thus, differs compared to that in the change score set-up, in which the estimates for 
the size of the coefficients are retrieved irrespective of pre-test results. Accordingly, 
additional OLS regressions with before rehabilitation outcomes as part of the group 
of explanatory variables were estimated. The pre-treatment outcomes of the 
dependent variables were no longer part of the dependent variable. Instead, the 
dependent variable equaled the sum of the employment outcomes in the four years 
after rehabilitation while the before-rehabilitation outcomes entered the 
specification only as covariates: 
 =  (	 +  +  + ) 
2.3 Results  
2.3.1 Characteristics of the study population 
Table 1 presents the descriptive statistics of the rehabilitants. The average age of the 
19,250 people in the sample at the start of the measures was 45.8 years. Furthermore, 
age groups were defined with an interval of five years. The age groups indicated 
that most participants were between 36-55, whereas only 17.1% were 35 or younger 
and only 13.8% of the participants were aged above 55.  
With regards to gender, 46% of the rehabilitants were male while 54% were female. 
24% were single, 60% were married, 14.4% divorced and 1.6% widowed at the start 
of the rehabilitation measures. 97.9% had German nationality, with the Turkish 
nationality being the largest minority with 0.5%. Moreover, most of the participants 
were not highly qualified (only 4.9% had a university degree, 10.5% with a technical 
college degree). On the contrary, most of the participants had a relatively low 
educational attainment. 70.5% did not have a full high school education (in Germany 
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called “Abitur“). However, many participants did hold supplementary 
apprenticeship degrees, which are common in Germany. 
Table 1: Descriptive Statistics, demographic variables  
Variable Distribution 
Age (in %, mean = 45.8 years)   
20-25 9.0 
26-30 2.5 
31-35 5.6 
36-40 14.7 
41-45 23.0 
46-50 23.7 
51-55 19.4 
56-60 9.8 
61-62 4.0 
Sex (in %)  
Male 46.0 
Female 54.0 
Marital Status (in %)  
Single 24.0 
Married 60.0 
Divorced 14.4 
Widowed 1.6 
Nationality (in %)  
German 97.9 
South Europe 0.4 
Former Yugoslavia 0.4 
Turkey 0.5 
Other 0.8 
Education (in %)  
No high school no apprenticeship 7.3 
No high school with an apprenticeship 70.5 
High school no apprenticeship 1.1 
High school with an apprenticeship 5.7 
Technical College 10.5 
University degree 4.9 
Table 2 shows whether the individuals were employed before the start of the 
measures. The table indicates that most rehabilitants were employed, either full- or 
part-time, white-collar workers. Only 13.8% were registered as unemployed.  
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Table 2: Descriptive Statistics, employment status and last job type 
Variable Distribution 
Employment status (in %)  
Full-time work 59.0 
Full-time piece work 6.9 
Fulltime with nightshifts 2.8 
Part-time work < 50% 1.7 
Part-time work > 50% 15.4 
Other 0.5 
Unemployed 13.8 
Last Job Type (in %)  
Unskilled blue-collar 5.0 
Low skilled blue-collar 3.9 
Skilled blue-collar 17.7 
Master / Craftsmen 1.0 
White-collar 72.0 
Self-employed / civil servant 0.4 
Table 3 presents the distribution of vocational rehabilitation measures together with 
the main medical diagnosis that led to admission into rehabilitation. Most 
rehabilitants received some form of assistance for keeping or obtaining a job (59.6%); 
second most common were vocational education measures (14%), followed by 
aptitude testing (10%). The other groups of measures were sheltered employment 
(5%), mobility grants (4.3%), vocational preparation courses (3.8%), employer 
services (2.5%) as well as specific measures for the mentally ill (0.7%) and start-up 
subsidies (0.2%).  
Overall, 166 distinct medical identifiers were used in the analysis to reflect the 
rehabilitants’ health situations at the start of the vocational rehabilitation measure. 
With regards to the main registered medical diagnosis, Dorsalgia (28.06%), a 
disorder characterized by marked discomfort sensation in the back region was the 
most frequently registered medical problem. The second most frequently registered 
medical problems were thoracic, thoracolumbar, or lumbosacral intervertebral disc 
disorders (15.39%) followed by other and unspecified disorders of the back or spine 
(3.92%), conductive and sensorineural hearing loss (3.10%) and cervical disc 
disorders (2.21%). 
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Table 3: Descriptive Statistics, distribution of assigned vocational rehabilitation 
measures and main medical diagnosis 
Variable Distribution 
Type of VR measure (in %)  
Work accommodations 59.6 
Vocational education 14.0 
Aptitude testing 10.0 
Sheltered employment 5.0 
Mobility grant 4.3 
Vocational preparation 3.8 
Employer services 2.5 
Rehab for mentally ill  0.7 
Startup subsidy 0.2 
Main medical diagnosis (in %)  
Dorsalgia (M54) 28.06 
Thoracic, thoracolumbar, and lumbosacral intervertebral disc 
disorders (M51) 15.39 
Other and unspecified dorsopathies (M53) 3.92 
Conductive and sensorineural hearing loss (H90) 3.10 
Cervical disc disorders (M50) 2.21 
Other and unspecified hearing loss (H91-95) 1.72 
Osteoarthritis of the hip (M16) 1.71 
Depression (F32) 1.70 
2.3.2 Changes in employment outcomes  
The mean income results for four years before and after participation in vocational 
rehabilitation are summarized in Table 4. The development of nominal labor income 
illustrates the loss in earnings capacity before program entry: In the four years before 
program admission, mean nominal income was equal to, respectively, €26,066, 
€26,237, €25,969 and €23,701, In the year when the rehabilitants were admitted into 
vocational rehabilitation, the mean income was equal to €21,998. After program 
admission, mean income increased to €24,209 in the first year, €25,030 in the second 
year, €25,838 in the third year and €26,099 in the fourth year after program 
admission.  
In the last row, the accumulative income in the four years after admission is also 
compared to the accumulative results in the four years before admission. The 
average change score in nominal income was equal to €-799, while in real terms the 
before-after difference equaled €-8,975. The attained statistics exhibit large standards 
deviations, indicating a lot of variation (volatility) in program outcomes, which is an 
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important prerequisite for using the change score as the dependent variable in 
subsequent analysis. Summarizing, income was generally gradually reduced in the 
years before rehabilitation and then consistently increased in the following years. 
With regards to the number of days worked, a similar development over time can 
be observed. While, four years before program participation, the mean number of 
days employed was equal to 302, it was reduced to 256 in the year before the start of 
the rehabilitation program. In the year of program entry, rehabilitants only worked 
an average of 226 years. In the four years after program admission, the average 
number of days employed increased to 249, 256, 263 and 261 days, respectively. The 
pre-post change score equaled -119.65 days in employment. Summarizing, the 
rehabilitants had fewer and fewer days in employment over the four years before 
rehabilitation measures. After the measure, the number of days in employment then 
gradually rose over the following four years to a level under that of four years before 
the measure. 
With regards to average days with short term unemployment benefits, values rose 
from 17 days four years before program admission to almost 20 days in the year 
before rehabilitation start and 26 days in the year entering the vocational 
rehabilitation program. After program entry, values decreased to 17 in the first year, 
to 15 days in the second and third year after admission, down to 13 days in the fourth 
year after admission into rehabilitation. The mean change score was equal to -7.61 
days. Summarizing, in the four years after rehabilitation measures, the rehabilitants 
received benefits on increasingly fewer days than in the four years before the 
measures. 
While days of employment and days with unemployment correlate with each other, 
there are also some discrepancies because not every day without employment 
automatically yields unemployment benefits. First, not all individuals apply for 
unemployment benefits, for which they are entitled due, e.g. because periods of 
unemployment may be too short. Second, some people might decide to spend more 
time outside the traditional labor market (voluntary work, household work, etc.) or 
change their work-leisure balance.  
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2.3.3 Regression results 
Change score regression results 
Table 5 presents the regression results for the before-after rehabilitation differences 
in income, days with employment and days with unemployment benefits of the gain 
score regressions. In total, respectively, 31%, 29%, 32% and 10% of the variation in 
pre-post-employment outcomes was explained through the factors included in the 
regression. Regarding the demographic predictors, age has been found to have a 
significant effect on the change score. Everything else equal, the pre-post difference 
in income was much lower with higher ages. The lower income changes were a 
result of fewer days in employment changes with greater ages. On the other hand, a 
greater age was also associated with larger pre-post differences in the number of 
days on short-term unemployment benefits.  
For the rehabilitants’ genders, the regressions showed that females were associated 
with a lower-wage loss than men over the four years, respective to their own starting 
position. Moreover, females had a smaller reduction in days of employment, about 
six and a half days per year. The size of the estimated coefficients was relatively 
small, yet significant at the 1% level. Differences in the number of days with short 
term unemployment benefits seemed not to be related to differences in gender.  
To evaluate the influence of the family situation, the marital status of the 
rehabilitants was also examined. The coefficients for married and divorced were 
statistically significant; however, their absolute sizes were small in comparison. The 
next factor assessed was the educational background. The results indicate that the 
before-after difference changed significantly more with higher education; compared 
to rehabilitants without a high school diploma (abitur), those with a high school, 
college or university degree had significantly higher changes in pre-post earnings, 
everything else being equal.  
With regards to the job type, white-collar workers and the self-employed had 
significantly higher changes in income and in the number of days with employment 
than blue-collar workers. Piece work and nightshift had a negative effect on earnings 
differentials compared to regular full-time work, while previously working in part-
time had a positive effect on the change score. Moreover, the estimates for the 
employment status show that unemployed rehabilitants had the highest pre-post 
changes of all groups compared. 
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Table 5: OLS regression of socio-economic factors on the before-after difference 
in income, employment days and short-term unemployment benefits  
Variable Nominal 
Income (€) 
Real 
Income (€) 
Employed 
(in days) 
Short-term 
UE (in days) 
Age (base = 20-25) 
26-30 -9275.67** 
(3140.37) 
-9645.89** 
(3101.55) 
-16.38 
(41.53) 
8.20 
(13.19) 
31-35 -18643.94*** 
(2973.15) 
-19866.15*** 
(2938.47) 
-63.64 
(38.32) 
33.18** 
(12.10) 
36-40 -17651.48*** 
(2799.05) 
-19353.16*** 
(2765.87) 
-47.55 
(36.55) 
31.07** 
(11.56) 
41-45 -19039.78*** 
(2783.53) 
-21197.74*** 
(2749.37) 
-41.06 
(36.35) 
34.55** 
(11.47) 
46-50 -24025.10*** 
(2800.11) 
-26276.92*** 
(2765.63) 
-73.24* 
(36.52) 
37.93** 
(11.53) 
51-55 -29344.38*** 
(2831.75) 
-31543.76*** 
(2796.79) 
-110.65** 
(36.75) 
41.19*** 
(11.69) 
56-60 -35816.25*** 
(2935.36) 
-37776.02*** 
(2897.03) 
-147.78*** 
(37.57) 
64.70*** 
(12.23) 
61-62 -39096.50*** 
(5013.30) 
-40853.53*** 
(4941.74) 
-211.35*** 
(54.15) 
81.48*** 
(21.50) 
Gender (base = male) 
Female  3265.22*** 
(664.84) 
5424.93*** 
(656.86) 
26.09*** 
(7.42) 
1.15 
(2.54) 
Marital status (base = single) 
Married 1892.40* 
(744.56) 
1557.67* 
(738.85) 
31.80*** 
(8.61) 
-3.08 
(2.82) 
Divorced 3040.23*** 
(978.53) 
3012.25** 
(971.98) 
29.29* 
(11.37) 
-5.68 
(3.89) 
Widowed -782.15 
(2200.31) 
-1036.06 
(2153.15) 
2.63 
(24.04) 
5.30 
(8.34) 
Education Level (base = no high school no apprenticeship) 
No high school 
with an 
apprenticeship 
1284.97 
(1115.22) 
449.13 
(1115.56) 
20.73 
(15.30) 
-3.37 
(5.48) 
High school no 
apprenticeship 
13837.49*** 
(3230.30) 
11175.57*** 
(3183.65) 
136.79*** 
(33.38) 
-15.41 
(10.47) 
High school with an 
apprenticeship 
4193.55** 
(1595.49) 
1993.62 
(1582.18) 
39.51* 
(18.60) 
-1.31 
(6.24) 
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Variable Nominal 
Income (€) 
Real 
Income (€) 
Employed 
(in days) 
Short-term 
UE (in days) 
Technical College 17538.87*** 
(1737.22) 
14733.7*** 
(1730.79) 
187.83*** 
(21.08) 
-21.38*** 
(6.42) 
University degree 7353.93*** 
(1768.19 
3894.37* 
(1749.12 
45.89* 
(18.79) 
-10.75 
(6.84) 
Job type (base = unskilled blue-collar) 
Low skilled blue-
collar 
-3420.75 
(1958.88) 
-3325.67 
(1971.89) 
-15.86 
(29.27) 
-17.12 
(9.77) 
Skilled blue-collar -5327.16*** 
(1550.49) 
-5047.20** 
(1562.13) 
6.28 
(22.46) 
-24.17** 
(7.50) 
Master / Craftsmen -1939.87 
(3884.69) 
-4751.52 
(3841.81) 
95.66* 
(39.54) 
-34.08* 
(13.85) 
White-collar 5084.77** 
(1636.37) 
2411.68 
(1640.49) 
130.68*** 
(23.13) 
-29.24*** 
(7.68) 
Self Employed / 
Civil Service 
13693.58* 
(5445.12) 
16422.36** 
(5368.99) 
294.63*** 
(59.35) 
-49.35* 
(21.93) 
Employment status (base = full-time work) 
Full time piece 
work 
-6951.71*** 
(1281.49) 
-6466.60*** 
(1263.00) 
-31.84* 
(14.71) 
18.99*** 
(5.23) 
Fulltime with night-
shifts 
-10225.80*** 
(1989.10) 
-9995.74*** 
(1967.63) 
-42.71 
(21.83) 
22.19** 
(7.49) 
Part time work less 
than 50% 
9631.15*** 
(1962.84) 
13866.37*** 
(1934.37) 
138.99*** 
(31.69) 
-4.04 
(8.07) 
Part time work 
more than 50% 
3162.22*** 
(755.11) 
6153.77*** 
(744.99) 
28.71** 
(9.15) 
3.67 
(2.80) 
Other 5509.45 
(4017.91) 
6825.46 
(4013.15) 
147.81* 
(58.88) 
-25.83 
(14.44) 
Unemployed 17758.55*** 
(1092.45) 
19823.32*** 
(1098.06) 
286.21*** 
(15.08) 
-111.67*** 
(5.26) 
n 19,250 19,250 19,250 19,250 
r2 0.31 0.29 0.32 0.10 
r2_a 0.30 0.28 0.31 0.09 
Notes: Dependent Variables = Difference between employment outcomes four years after 
minus four years before admission into vocational rehabilitation. Standard errors in 
brackets. The standard error is an estimate of the standard deviation of the estimated 
coefficient; the amount it varies across cases. Other covariates included medical diagnosis, 
nationality, residential region, year of rehabilitation start. * p<.05; ** p<.01; *** p<.001. 
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Correlation of change score with pre-rehabilitation income 
Analysis using a simple gain score does not control for baseline imbalance in the 
dependent variable and thus might yield undesirable results. This effect is due to 
baseline values being negatively correlated with change since rehabilitants with low 
scores at baseline generally improve more than those with high scores. To test 
whether the results were influenced by the relative starting positions, the attained 
individual gain scores were graphed against the income in the four years before 
rehabilitation. Figure 1 visualizes how, with higher pre-rehabilitation income, the 
gain score of the individual rehabilitants was more negative.  
 
Figure 1 Graphical analysis of before rehabilitation income and gain score 
Table 6 shows the extent to which the before-rehabilitation income differed between 
socio-economic subgroups. Overall, rehabilitant heterogeneity at baseline was high. 
According to the regression estimate, 50% of the variation in before rehabilitation 
earnings was explained based on the included socio-economic characteristics. A 
greater age was associated with higher earnings while females earned significantly 
less than males. Married rehabilitants earned significantly more than singles. Higher 
education was associated with higher earnings, white-collar workers earned 
substantially more than blue-collar workers, and regular full-time workers had a 
higher pre-treatment income than persons in all other types of employment.  
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Table 6: OLS regression of socio-economic factors on pre-rehabilitation income 
Variable  Coef. SE 
Age (base = 20-25)  
26-30 8301.68* (4128.09) 
31-35 25306.84*** (3825.78) 
36-40 31682.95*** (3674.20) 
41-45 39657.66*** (3651.82) 
46-50 42799.97*** (3660.52) 
51-55 46974.31*** (3682.98) 
56-60 50476.80*** (3769.23) 
61-62 62311.29*** (6166.94) 
Gender (base = male)  
Female -31445.19*** (771.15) 
Marital status (base = single)  
Married 6833.25*** (883.68) 
Divorced -949.21 (1170.54) 
Widowed 5226.90 (2804.45) 
Education Level (base = no high school no apprenticeship)  
No high school with an apprenticeship 10774.38*** (1350.30) 
High school no apprenticeship 30923.52*** (3412.79) 
High school with an apprenticeship 28297.13*** (1934.90) 
Technical College 7206.89*** (1642.66) 
University degree 39411.62*** (2019.94) 
Job type (base = unskilled blue)  
Low skilled blue-collar 5227.33* (2284.64) 
Skilled blue-collar -1176.86 (1760.09) 
Master / Craftsmen 56575.16*** (3806.92) 
White-collar 62116.34*** (1711.16) 
Self Employed / Civil Service -26328.40*** (5339.51) 
Employment status (base = full-time work)  
Full-time piece work -20545.87*** (1361.18) 
Fulltime with nightshifts -19098.40*** (2063.82) 
Part time work less than 50% -69439.02*** (2652.06) 
Part time work more than 50% -44459.67*** (1016.53) 
Other -29214.58*** (4962.78) 
Unemployed -60854.23*** (1115.62) 
n 19,250  
r2 / r2_a 0.50 / 0.50  
Notes: Dependent variable = Four-year pre-rehabilitation earnings. Other covariates 
included were nationality and the rehabilitation start year. * p<.05; ** p<.01; *** p<.001. 
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Lagged dependent variable regression results  
Because of the rehabilitants’ heterogeneity with regards to their past employment 
history, a lagged dependent variable regression was performed. Using baseline 
outcomes as covariates result in greater precision and a more informative value with 
regards to interpreting the model coefficients. Table 7 provides an overview of the 
lagged dependent variable regression results. Overall, the higher adjusted r-square 
compared to previous models was the consequence of including employment 
history as a covariate instead of as part of the dependent variable.  
In the estimation of demographic determinants, the specified age groups remained 
a significant predictor of employment outcomes. The estimate was slightly smaller 
in absolute size compared to the gain score regression estimate, suggesting that 
results based on the gain score regression overestimate the effect of age on 
employment outcomes as some of the effects were actually linked to higher wages 
(seniority) before participation in the rehabilitation program, everything else being 
equal.  
For the gender effect, it becomes evident that the lower pre-rehab earnings of women 
in comparison to men were responsible for the positive regression coefficient of 
females in the gain score regression. After controlling for the intergroup baseline 
outcomes, the coefficient of the regression models changed signs; in the lagged 
dependent variable regression, the female coefficient was negative, significant at the 
one-percent level. With regards to the marital status, a significant positive effect for 
married and divorced participants compared to singles was detected. The results 
with regards to the education status confirmed the results retrieved through the 
change score regression. Higher prior educational attainments were an important 
predictor variable of the employment outcomes after participation in vocational 
rehabilitation.  
With regards to the employment type, the indicator variables for part-time work 
changed from positive and significant, to negative and significant when taking pre-
rehabilitation earnings into account. Moreover, piece work and nightshifts were 
found to have a negative effect on the level of earnings after rehabilitation. 
Additionally, the lagged dependent variable estimates confirmed that white-collar 
workers exhibited significantly greater improvements in employment outcomes 
than blue-collar workers. In addition, the results show that master/craftsmen were 
able to increase their earnings substantially above the earnings development of 
similar blue-collar workers. The coefficient for self-employed remained marginally 
positive but became insignificant through the inclusion of income history as 
covariate.   
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Table 7: OLS regression of socio-economic factors on accumulative employment 
outcomes over four years after admission into vocational rehabilitation, adjusted 
for baseline employment outcomes 
Variable Nominal 
Income (€) 
Real 
Income (€) 
Employed 
(in days) 
Short-term 
UE (in days) 
Lagged dependent 
variable  
0.72*** 
(0.01) 
0.67*** 
(0.01) 
0.21*** 
(0.01) 
0.22*** 
(0.01) 
Age (base = 20-25) 
    
26-30 -6956.56* 
(2974.46) 
-6704.52* 
(2852.55) 
-30.31 
(35.17) 
8.05 
(8.88) 
31-35 -12282.84*** 
(2805.27) 
-11831.05*** 
(2690.36) 
-36.29 
(32.61) 
14.17 
(8.03) 
36-40 -9887.48*** 
(2649.30) 
-9550.24*** 
(2540.58) 
-19.39 
(31.42) 
13.52 
(7.66) 
41-45 -9546.39*** 
(2642.43) 
-9213.54*** 
(2534.02) 
9.48 
(31.33) 
12.54 
(7.62) 
46-50 -13552.96*** 
(2660.72) 
-13054.32*** 
(2551.71) 
-13.47 
(31.51) 
17.33* 
(7.65) 
51-55 -18288.94*** 
(2688.91) 
-17583.44*** 
(2578.78) 
-38.22 
(31.70) 
28.99*** 
(7.79) 
56-60 -24565.91*** 
(2793.12) 
-23565.21*** 
(2678.45) 
-75.96** 
(32.44) 
55.50*** 
(8.34) 
61-62 -27286.59*** 
(4810.67) 
-25947.12*** 
(4602.69) 
-117.53* 
(46.58) 
57.22*** 
(18.16) 
Gender (base = male) 
    
Female  -4603.44*** 
(667.08) 
-4456.18*** 
(640.26) 
21.70*** 
(6.03) 
-3.91* 
(1.81) 
Marital status (base = single) 
   
Married 2796.30*** 
(703.96) 
2692.43*** 
(675.83) 
28.54*** 
(6.86) 
-1.96 
(1.98) 
Divorced 2767.09** 
(918.86) 
2662.03* 
(882.06) 
1.10 
(9.15) 
0.02 
(2.76) 
Widowed 287.25 
(2161.95) 
307.03 
(2073.64) 
19.08 
(21.39) 
0.03 
(6.31) 
Education Level (base = no high school no apprenticeship) 
No high school 
with apprenticeship 
3925.45*** 
(1017.26) 
3764.96*** 
(976.97) 
72.45*** 
(12.22) 
-1.63 
(3.96) 
High school no 
apprenticeship 
20866.52*** 
(3138.45) 
19991.97*** 
(3013.98) 
205.13*** 
(28.57) 
-17.63* 
(8.04) 
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Variable Nominal 
Income (€) 
Real 
Income (€) 
Employed 
(in days) 
Short-term 
UE (in days) 
High school with 
apprenticeship 
11161.60*** 
(1528.83) 
10737.14*** 
(1467.55) 
102.73*** 
(15.36) 
-4.09 
(4.62) 
Technical College 24603.30*** 
(1624.39) 
23596.32*** 
(1559.25) 
225.10*** 
(16.66) 
-20.87*** 
(4.55) 
University degree 18239.84*** 
(1726.16) 
17558.46*** 
(1656.19) 
93.93*** 
(15.59) 
-7.73 
(5.00) 
Job type (base = unskilled blue-collar) 
Low skilled blue-
collar 
-3400.37* 
(1725.86) 
-3283.40 
(1658.94) 
-0.90 
(21.01) 
3.96 
(6.48) 
Skilled blue-collar -5802.60*** 
(1359.44) 
-5624.95*** 
(1306.67) 
-13.64 
(15.99) 
0.30 
(4.99) 
Master / Craftsmen 7449.31* 
(3652.31) 
7058.43* 
(3505.86) 
190.88*** 
(32.68) 
-18.01* 
(10.06) 
White-collar 13030.83*** 
(1477.27) 
12416.90*** 
(1419.65) 
216.70*** 
(17.19) 
-22.77*** 
(5.25) 
Self Employed / 
Civil Service 
1363.46 
(5491.88) 
1002.23 
(5290.93) 
-123.86** 
(63.59) 
-16.85 
(15.67) 
Employment status (base = Full-time work) 
Full time piece 
work 
-7836.73*** 
(1226.97) 
-7569.17*** 
(1177.77) 
2.94 
(12.98) 
11.94*** 
(3.92) 
Fulltime with 
nightshifts 
-10007.63*** 
(1862.92) 
-9700.51*** 
(1787.05) 
8.92 
(19.52) 
7.00 
(5.75) 
Part time work less 
than 50% 
-6368.97** 
(1969.45) 
-6231.03** 
(1893.04) 
-13.49 
(23.44) 
-8.74 
(5.26) 
Part time work 
more than 50% 
-7711.53*** 
(786.49) 
-7500.07*** 
(754.91) 
17.90* 
(7.54) 
-0.98 
(2.10) 
Other 132.56 
(3675.05) 
90.77 
(3534.69) 
90.32* 
(40.76) 
-2.63 
(9.34) 
Unemployed 8222.43*** 
(1001.74) 
7851.10*** 
(962.58) 
-14.62 
(12.11) 
-38.10*** 
(3.58) 
n 19,250 19,250 19,250 19,250 
r2 0.78 0.78 0.62 0.25 
r2_a 0.78 0.78 0.61 0.24 
Notes: Dependent variable = Four-year post-rehabilitation outcomes. Covariates now 
include a lagged dependent variable: the sum of employment outcomes in the four years 
before admission. Other covariates included were the medical diagnosis, nationality, 
residential region and the year of rehabilitation start. Standard errors in brackets.  
* p<.05; ** p<.01; *** p<.001. 
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Stratification by gender  
Separate regression results for men and women are presented in Table 8. Overall, 
the demographic effects were more strongly associated with post-rehabilitation 
employment outcomes for men than for women. For women, pre-rehabilitation 
earnings, instead, had a relatively larger effect. Interestingly, while most coefficients 
between men and women differed only with respect to their size, the coefficients of 
the factors divorced, widowed and self-employed were of opposite sign.  
Table 8: Stratified OLS regression of socio-economic factors on employment 
outcomes (by gender) 
Variable Males Females 
Lagged dependent variable (pre-
rehabilitation earnings) 
0.65*** 
(0.01) 
0.76*** 
(0.01) 
Age (base = 20-25) 
  
26-30 -7049.31 
(5682.22) 
-7628.87* 
(3799.23) 
31-35 -14179.16** 
(5310.84) 
-10645.96** 
(3557.05) 
36-40 -16303.46** 
(5178.18) 
-4442.88 
(3390.60) 
41-45 -16552.77** 
(5164.57) 
-3338.15 
(3375.57) 
46-50 -20328.64*** 
(5187.07) 
-7681.88* 
(3397.21) 
51-55 -25933.59*** 
(5231.17) 
-11234.53** 
(3431.56) 
56-60 -36053.37*** 
(5322.99) 
-14591.00*** 
(3531.86) 
61-62 -39511.31*** 
(7600.47) 
-17266.83** 
(6450.67) 
Marital status (base = single) 
Married 3244.58** 
(1111.70) 
2251.81* 
(912.80) 
Divorced -505.26 
(1631.82) 
3591.81*** 
(1086.17) 
Widowed -10134.16 
(5648.10) 
747.38 
(2259.57) 
Education Level (base = no high school no apprenticeship) 
No high school with apprenticeship 4826.75** 
(1579.27) 
4683.88** 
(1444.82) 
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Variable Males Females 
High school no apprenticeship 23912.65*** 
(3797.37) 
18316.62*** 
(3810.05) 
High school with apprenticeship 15180.64*** 
(2465.46) 
9600.43*** 
(1936.47) 
Technical College 28020.92*** 
(2230.71) 
20804.41*** 
(2055.63) 
University degree 20931.66*** 
(2511.47) 
16917.19*** 
(2115.12) 
Job type (base = unskilled blue-collar) 
Low skilled blue-collar -3786.39 
(2438.13) 
-2136.20 
(2812.22) 
Skilled blue-collar -3712.76 
(1928.62) 
-1720.31 
(2270.34) 
Master / Craftsmen 13828.09*** 
(3821.54) 
850.63 
(5805.06) 
White-collar 18165.44*** 
(2153.59) 
7451.55*** 
(2121.38) 
Self Employed / Civil Service -3055.18 
(5950.40) 
5039.12 
(6120.55) 
Employment status (base = Full-time work) 
Full time piece work -4986.75** 
(1751.23) 
-11033.06*** 
(1396.83) 
Fulltime with nightshifts -6813.37** 
(2546.98) 
-12093.13*** 
(2140.35) 
Part time work less 50 -7576.01 
(6288.65) 
-5096.97* 
(2142.64) 
Part time work plus 50 -18561.39*** 
(2899.88) 
-5519.37*** 
(868.50) 
Other 5820.16 
(5434.31) 
-7348.97 
(5711.25) 
Unemployed 11748.56*** 
(1355.90) 
2825.79 
(1484.12) 
n 8,856 10,394 
r2/ r2_a 0.82/0.82 0.74/0.73 
Notes: Dependent variable = Four-year post-rehabilitation earnings. Standard errors in 
brackets. Other covariates included were medical diagnosis, nationality, region and the 
year of rehabilitation start. Standard errors in brackets. * p<.05; ** p<.01; *** p<.001 
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2.4 Discussion  
In this chapter, employment outcomes and their determinants have been 
investigated through an analysis of representative panel data of German 
rehabilitants. The focus on rehabilitant-level characteristics in this chapter has only 
received limited attention in international research as microdata in the form used 
here is rarely available. As such, this chapter provides nationally and internationally 
new and relevant insights with regards to the effects of demographic factors and job 
characteristics on labor market outcomes before and after participation in vocational 
rehabilitation. 
First, using income and employment data for several years before and after program 
entry, cohort and individual employment results were measured. Second, it was 
examined to what extent differences in return-to-work outcomes among 
rehabilitants can be linked to their socio-economic status. The outcome variables of 
interest were income from labor, days with employment and days with short-term 
unemployment benefits in the first four years after admission into a vocational 
rehabilitation program.  
In the beginning of the results section, it was shown that program participants on 
average experienced a drop in their earnings and more days with unemployment in 
the years before admission into rehabilitation. After admission, earnings started to 
rise again until nominal levels were, on average, equal to the pre-treatment level of 
income. According to the analysis of socio-economic predictors, before-after 
differences in the employment outcomes can be predicted to a substantial extent 
based on the participants’ socio-demographic and employment characteristics.  
Among the different factors tested, the personal employment and income history 
were the strongest predictors of future labor market outcomes. Moreover, it has been 
shown that the rehabilitants’ ages, educations, jobs and employment types had a 
large and significant effect on employment outcomes after vocational rehabilitation. 
Younger, better educated, white-collar workers and those employed in full-time 
contracts exhibited significantly higher changes in labor market outcomes than their 
respective comparison groups. 
Differences in employment outcomes with regards to gender and marital status 
were, in comparison, rather small, but also significant. To provide more detailed 
results with regards to gender-specific effects, the analysis was extended by a 
stratified regression model showing gender-specific effects of socio-economic 
factors. Most notably, the coefficients for being widowed, divorced or self-employed 
were different for men and women.  
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Among the group of rehabilitants evaluated, there were a comparably high number 
of rehabilitants with low variation in pre-post results, which, to some extent, can be 
attributed to workers who were unemployed in the years before the measures and 
who remain unemployed in the years after. As a result, the estimated differences for 
those that do experience a change in their working status are likely to be larger. 
The relatively good fit of the change score regression models in comparison to that 
of a similar study based on medical rehabilitation data from the same source 
(Petrunyk, Pfeifer, Fischer, & Wiemer, 2015) can, to some extent, be linked to the 
more cohesive data and a longer time horizon. Another explanation could be that 
employment outcomes after vocational rehabilitation are more dependent on socio-
economic characteristics than are employment outcomes after medical 
rehabilitation.  
The first takeaway from this analysis pertains to the ability to collect and analyze 
large administrative datasets with substantial observation periods before and after 
participation in vocational rehabilitation in Germany. The analysis shows that a 
rehabilitant’s socio-economic status plays a substantial role in the return to work of 
that individual. The findings support the argument that providers of vocational 
rehabilitation services need to be aware of the influence demographic and 
occupational factors have on labor market outcomes.  
The results are, however, not suitable to be directly used in allocating vocational 
rehabilitation treatments. Rather, they point to potential problems in the screening 
mechanisms, which should be reconsidered; potential problems during the period 
of treatment and general reintegration problems, which could stem from 
discrimination in the labor market, incentives and disincentives provided by the 
retirement and unemployment benefit system. Further case studies and econometric 
analyses are needed to evaluate, and consequently provide concrete answers to these 
potential problems. 
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3. The impact of vocational re-training on employment 
outcomes 
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3.1 Introduction 
Although it has been shown that there are many benefits to hiring people with 
disabilities (Lindsay et al., 2018), people with a disability still face considerable 
economic disadvantages compared to working-age people without disabilities. 
Disadvantages include lower employment rates and a significantly higher risk of 
living in poverty (OECD, 2010; World Health Organisation & The World Bank, 
2011). Other consequences of prolonged unemployment include a lower quality of 
life and reduced social inclusion. The situation also constitutes a major public 
concern since low employment rates among people with disabilities are in many 
ways a challenge to economic productivity and the financial stability of social 
security systems (OECD, 2009).  
These factors have led to numerous occupational rehabilitation studies, some of 
them examining the effectiveness of interventions promoting re-employment. 
However, whereas systematic evidence shows how interventions implemented at 
the workplace impact employment outcomes (Cullen et al., 2018; Franche et al., 2005; 
Furlan et al., 2012; Hoosain et al., 2019; McDowell & Fossey, 2015; Nevala et al., 2015; 
Odeen et al., 2013; van Vilsteren et al., 2015), there is less conclusive evidence on the 
effects of (out-of-job) re-training measures. Some empirical studies indicate a 
positive effect on income and employment (Campolieti et al., 2014; D. Dean et al., 
2015; Laaksonen & Gould, 2015) while other authors find little or no effects resulting 
from program participation (Aakvik, 2003; Frölich et al., 2004). Interpreting these 
findings is complicated by differences in study populations, methods used and in 
the vocational education measures analyzed, which may have different mandates, 
strategies and curricula. 
A common problem throughout the analysis of vocational re-training measures is 
that researchers generally struggle to recruit study participants, which may limit the 
types and appropriateness of methods being used (Lysaght et al., 2016). Due to their 
individual health situation, people with a disability are a heterogeneous group, 
making it difficult to find suitable comparison groups for program evaluation (Sears 
et al., 2014). Individuals who are deemed eligible to participate in rehabilitation 
measures usually cannot be denied access to the services. The challenge in 
evaluating the impact of an intervention is thus to obtain a credible estimate on the 
counterfactual: What would have happened to the participants of the re-training 
programs had they not completed the measures?  
In the absence of a natural comparison group, an alternative is to draw a comparison 
with program applicants who were admitted into a re-training program but never 
received the actual benefit from training (due to no-show or dropout). Drawing 
51 
 
comparison with an applicant-based comparison group has several advantages 
compared to impact analysis based on an external comparison group design. While 
program graduates and dropouts share the same motivation to apply for vocational 
education, satisfy the eligibility criteria, and potentially have similar health 
problems, selection bias is minimized (D. H. Dean & Dolan, 1991). Moreover, if data 
is process generated, distortions due to response denials or omissions in the 
retrospective collection of data can be dismissed. 
Using data from Germany as a case study, this chapter provides new and unique 
evidence on the effects of vocational re-training on long-term employment 
outcomes. By drawing a comparison with a group of similar program dropouts, the 
results of this analysis add to a continuing methodological debate on how to 
estimate program effects from observational data. A successful outcome of this 
debate could improve public policymaking. While adjusting the results for 
measured confounders, it is shown to what extent completion of a re-training 
program influences subsequent income and employment development. 
Additionally, the influence of the re-training programs on the number of days with 
unemployment and social security benefits and with regards to the uptake of a 
pension due to a limited earnings capacity is evaluated.  
The remainder of this chapter is structured as follows: In the next section, the 
methods are presented, with a description of the study design, the study population, 
the re-training programs, and the data used. Moreover, the method of statistical 
analysis is summarized. In the results section, descriptive statistics of the 
participants are presented and the balance in covariates between comparison groups 
is evaluated before treatment effects of the re-training measures are presented. In 
the final section of this chapter implications and shortcomings of the findings are 
discussed before the conclusions of the research are offered. 
3.2 Methods  
3.2.1 Study design and population 
To investigate the employment effects associated with vocational re-training in 
Germany, a retro-perspective, quasi-experimental, cohort study was performed. The 
impact of the re-training measures was assessed by estimating average treatment 
effects in comparison to a no-training scenario. In the absence of a natural 
comparison group, an internal comparison group design was used to compare 
outcomes with and without vocational re-training. The data used for this analysis 
was collected from the administrative data records of the German Statutory Pension 
Insurance Fund (Deutsche Rentenversicherung Bund). They featured accurate, process-
generated information on the earnings development and insurance relationship for 
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a cohort of rehabilitants in the eight years after admission into re-training and two 
years prior.  
The study population consisted of people with disabilities who, due to their health 
problem, were no longer able to (or were it was predicted that they will in the 
foreseeable future no longer be able to) carry out prior job tasks. Additionally, they 
must have successfully applied for vocational rehabilitation with the German 
Statutory Pension Insurance Fund.  
To become eligible for vocational re-training with the German Statutory Pension 
Insurance Fund, candidates must satisfy any of the following eligibility criteria: 
Either the applicants 1) already receive a pension due to limited earnings capacity, 
or 2) an assessment has been made that, without the measure, the pension provider 
would have to pay out a pension due to limited earnings capacity of the person with 
a disability, or 3) a medical rehabilitation alone is determined to be insufficient for 
proper reintegration of a person with a disability into the labor market or  4) the 15-
year waiting period has been completed.  
Additionally, the training scheme needs to be considered necessary for the 
rehabilitant and there should be a positive chance of a successful measure and 
consequent re-employment. This success is, for instance, likely if the chances of 
employment in the rehabilitants’ target occupation are good but require additional 
skills or job-specific knowledge.  
Once the application for rehabilitation has been approved, suitable re-training 
programs were chosen from a large pool of certified private or public institutions 
specialized in different professions and skill training. Vocational re-training in 
Germany can generally be categorized into partial and full vocational re-training 
programs. Apart from the fact that both types of re-training programs require full-
time participation, they differ considerably in contents and length:  
 Full re-training programs are comparable to regular apprenticeships programs, 
typically lasting for two years. During the programs, classroom training is 
combined with on-the-job training to learn skills and obtain a professional 
qualification in a new field of work. A formal examination is often set at the end 
of the programs.  
 Partial qualification measures, on the other hand, aim at extending existing 
competencies with additional skills, e.g. in the fields of business administration 
or information technology. The measures are usually completed within a year, 
aiming to reintegrate the participants more quickly into working life.  
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3.2.2 Data  
The data used for this analysis was retrieved from administrative records made 
available by the Research Data Centre of the German Statutory Pension Insurance Fund. 
The corresponding data (SUF_RSDV2013)  is representative of the whole rehabilitant 
population and features accurate, process-generated information on the income and 
employment development before and after participation in a rehabilitation measure. 
Additionally, the data can also be linked to personal socio-economic and health 
information. The retrieved data consisted of four databases: The first database 
included a random sample of all vocational re-training cases in the year 2005 and a 
range of variables linked to implementing the rehabilitation programs. Moreover, it 
provided information on some labor-market-related and personal characteristics at 
the time of application for treatment. The data included information on the type of 
granted rehabilitation measure, the rehabilitation start date, the medical discharge 
diagnosis (ICD), the employment status and the residential region at the time of 
application as well as an indicator variable reflecting whether the rehabilitant 
successfully completed the re-training measures.  
The second dataset was retrieved from the pension insurance follow-up database. It 
provided information on the participants’ insurance relationships, consisting of 
observations from 2003-2013, including annual individual income and days of (un-) 
employment data. It, thus, overcomes the lack of detailed labor market data present 
in many other studies. In this study, the following variables were used from this file: 
year, yearly income, annual days of employment, days with short- and long-term 
unemployment, days with other social-security benefits and the occupational group 
in which the individuals were working prior to program start. To provide further 
information on the participants’ socio-demographics, a third dataset was merged 
with the previous files. The latter file included data on the persons’ sex, birth and 
death years, nationalities and highest attained levels of education. Lastly, a fourth 
dataset provided information on receiving a pension. The data included information 
on whether a pension due to a reduced earnings capacity was paid.  
Figure 2 illustrates the process of sample selection. The unique identifier, present in 
all four databases used to merge the data, is the variable “case”. Overall, there were 
4,039 observations in the initial sample with a program start in 2005. Limiting the 
observations to those, for which the program outcome has been registered, reduced 
the sample to 3,445 observations. Furthermore, duplicates were removed, which 
reduced the sample by four observations. Next, demographic data was added for all 
remaining observations. Given the information retrieved in the demographic data 
file, persons that passed away during the observation period were dropped from the 
sample. This further reduced sample size to 3,360 observations. To retrieve 
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information on the employment status before and after participation in vocational 
rehabilitation longitudinal labor market data was then merged with the 
rehabilitation data. Due to interrupted or missing income and employment records, 
961 observations were dropped from the sample. In the last step, data on pension 
receipt was added for those cases, in which a pension due to a reduced earnings 
capacity was awarded. The final sample consists of 2,399 individuals with complete 
employment records from 2003-2013.  
  
Figure 2 Sampling process: Participants in vocational re-training  
3.2.3 Comparison groups  
Figure 3 provides an illustration of the three comparison groups. In order to 
compare the impact of the re-training programs a trivariate indicator variable was 
created, reflecting whether the rehabilitant has either dropped out of re-training (did 
not successfully complete the measures; value=0), successfully completed a one-year 
re-training (value=1) or successfully completed a two-year re-training (value=2).8 In 
total, the group of program dropouts contained 367 observations, while there were 
278 cases with successfully completed one-year re-training and 1,754 cases with 
 
8  The outcome of the vocational re-training measure was identified using the variable 
“BFEWMS” from the provided dataset.  
Data on earnings incapacity pension is added 
n=2,399 (0)
Income and employment data is added 
n=2,399 (-961) 
Removed deceased cases 
n=3,360 (-81)
Demographic data is added
n=3,441 (0)
Removed duplicate entries
n= 3,441 (-4)
Outcome of re-training measure is registered
n=3,445 (-594)
Vocational re-training with German Pension Insurance Fund in 2005
n=4,039 
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successfully completed two-year re-training. The group of program dropouts 
included both one-year and two-year program dropouts due to the rather small 
number of controls available.  
 
Figure 3 Comparison groups: the impact of vocational re-training 
In table 9 the registered reasons for program dropout are listed to provide 
background information on the causes of unsuccessful program participation. 
Medical reasons were the predominant reason for program dropout followed by 
failed examination and other performance issues. Whether this had an influence on 
the estimations was tested in a sensitivity analysis, which excluded program 
dropout cases with a registered medical reason for program dropout, from the 
impact analysis. For the main part of the analysis, all program dropouts (n=367) were 
used as controls. 
Table 9: Registered reasons for program dropout 
Started vocational re-training in 2005:
n=2,399
Successfully completed a re-training 
program
1yr re-training 
graduates:
n=278
2yr re-training 
graduates:
n=1,754
Did not successfully 
complete either of 
the re-training 
programs
Program dropouts:
n=367
Dropout reason  Freq. Percent 
Medical (patient) 177 48.23 
Failed Examination  80 21.80 
Performance (insurer) 24 6.54 
Other (insurer) 23 6.27 
Other (patient) 20 5.45 
Performance (patient) 16 4.36 
Personal (patient) 15 4.09 
Disciplinary (insurer) 9 2.45 
Economic (patient) 3 0.82 
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3.2.4 Outcome measures  
Participation in paid employment was assessed using the nominal and real income, 
as well as employment days, in the first eight years after program admission (2006-
2013). This data was collected directly from the provided pension insurance follow-
up database. A potential drawback of the data used was that employment data 
collected by the German pension insurance is limited to a contribution ceiling. For 
annual incomes above €69,600 (€58,800 in the former East German states), the 
median value of €77,179 (€65,400) was recorded in the data instead of the true value. 
This potentially lowers the estimated program impact, as annual income above the 
specified cut-off value were not properly recorded. Changes in real income were 
estimated using the average of historical inflation rates collected from the German 
Federal Bureau of Statistics between 2003 and 2013 (Destatis, 2018). The mean annual 
discount factor used was equal to 1.6%.  
Secondary outcomes evaluated were days on social-security benefits, days on short-
term unemployment benefits, days on long-term unemployment benefits and an 
indicator variable signaling whether a pension due to a reduced earnings capacity 
was awarded. The data on social-security benefits included sick pay and temporary 
allowance payments made during the period of rehabilitation. Short-term 
unemployment benefits are benefits of the German unemployment insurance, which 
are paid on the occurrence of unemployment. They are usually paid for up to one 
year, and for older unemployed people, for up to two years. Long-term 
unemployment benefits are the basic (means-tested) social security benefits for 
employable persons in Germany, who are unemployed for longer than 12 months. 
Data on days with long-term unemployment benefits was only available from 2006-
2009. Workers who are only able to work a few hours a day because of their health 
can apply for a reduced earnings capacity pension. An individual can claim a 
reduced earnings capacity pension, if for the foreseeable future, because of ill health 
or disability, they are unable to do more than three hours of paid work a day. 
Missing data analysis 
Before continuing with the description of the independent variables, trends in 
missing (outcome) data are summarized in this section. In particular, the 
observations with missing or interrupted income or employment data (961 dropped 
observations) were closely examined in relation to the uptake of a pension due to a 
reduced earnings capacity. The results of the analysis were as follows: 1) Among all 
program dropouts, there was a higher proportion of incomplete income or 
employment data compared to program graduates (39.14% vs. 26.30%). 2) Among 
observations with incomplete income or employment data, there was a substantially 
higher proportion of cases with a pension uptake due to a reduced earnings capacity 
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(36.54% vs. 5.42%). 3) Among program dropout cases with incomplete income or 
employment data, the proportion of persons receiving a pension due to a reduced 
earnings capacity was higher compared to graduates with incomplete data. While 
every second dropout case with missing data was associated with pension uptake, 
less than every third case in the group of graduates with incomplete data, was 
associated with pension uptake (50% vs. 32.55%).  
Taken together, the missing data analysis suggests that disproportionally many 
cases, which were interrupted or incomplete, thus, not considered in our analysis, 
were cases in which a pension due to a reduced earnings capacity was awarded. 
There were more dropouts with incomplete data relative to graduates with 
incomplete data and there was also a higher proportion of awarded earnings 
incapacity cases in the program dropout group with missing data compared to the 
graduates with incomplete or missing employment data. This suggests, among other 
things, that the estimated differences in the forthcoming analysis, i.e. the effects of 
completing re-training, will be somewhat smaller compared to analysis on the full 
sample, as missing employment data seems to be positively associated with pension 
uptake due to a reduced earnings capacity. 
The same analysis was also carried out with regards to the uptake of an old-age 
pension. While the proportion of persons receiving old-age pension was higher in 
incomplete data cases, the total number was very small, thus, likely only having a 
small effect on the estimated relationships. Only 0.77% of all (complete and 
incomplete) cases received old-age pension between 2006-2013. 
3.2.5 Covariates 
The following variables were included as independent variables in the calculations: 
age, gender and level of education were collected from the provided demographic 
database. Additionally, the residential region, the main medical diagnosis and the 
employment status were retrieved from data collected during the application 
process. Moreover, based on the information provided from the insurance follow-
up database, several measures of past earnings performance were included. These 
were the nominal income earned in the year 2003 and 2004 as well as the last 
registered occupation type.  
3.2.6 Econometric approach  
Adopting the counterfactual framework pioneered by (Rubin, 1974), it was tested 
whether the re-training measures significantly improved the employment situation 
compared to the case of no re-training. In this framework a causal effect can be 
inferred from the difference between two potential outcomes; one that occurs if a 
person completes a re-training measure, and one that occurs if they do not complete 
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the re-training. The following section summarizes the econometric approach used to 
study the treatment effect associated with vocational re-training in this study. For a 
more detailed explanation of the methodology used please see the Appendix to 
Chapter 3. 
In this analysis, pre-treatment microdata on the rehabilitants’ socio-economic status 
was used to estimate conditional treatment probabilities (propensity scores). This 
was done in order to re-weight observations and balance the measured covariates 
across comparison groups. 9  Through re-weighting observations, by the inverse 
probability of being treated, a comparison group with the same distribution of 
observables as in the treatment group is implicitly created (Hirano & Imbens, 2001). 
Because there are a variety of observable factors that can be linked to return-to-work 
outcomes10, it can be cumbersome to determine along which dimension to compare 
treated and non-treated subjects. Propensity scores, on the other hand, provide a 
natural weighting scheme that allows the observed differences between comparison 
groups to be minimized.  
Propensity score model 
The developed specification of the propensity score in this analysis included a 
variety of different variables thought to be characterizing the earnings ability of the 
rehabilitants. The factors used to predict program allocation/completion can be 
grouped into individual characteristics, health information, and economic variables 
on pre-treatment employment outcomes. There is no comprehensive list of variables 
that would make sure that the matched comparison group can provide an unbiased 
estimate of the program effect. However, knowledge of the institutional criteria that 
govern program allocation and the factors that have been found to be strongly 
correlated to subsequent labor market outcomes, is a good starting point. 
One is not guided by the statistical power or significance of the estimated regression 
coefficients in the selection stage. Rather the objective is to create a sample in which 
the distribution of covariates that affect labor market outcomes between treated and 
control subjects is similar, and, thereby, include enough variables for the (weak form 
of) the conditional independence assumption to hold. This is achieved when adding 
 
9 The original IPW approach was pioneered by Horvitz & Thompson (Horvitz & Thompson, 
1952). Further important contributions are Robins et al. (Robins, Rotnitzky, & Zhao, 1995) and 
Robins & van der Laan (van der Laan & Robins, 2003). 
10 See e.g. Cornelius et al., 2011; Etuknwa, Daniels, & Eib, 2019; Langi, Balcazar, & Suarez-
Balcazar, 2018, for recent empirical evidence on prognostic individual factors.  
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additional variables that do not (significantly) alter the estimated coefficients 
anymore.   
Using Statas user-written “bfit” command, combinations of explanatory variables 
were tested to identify models that exhibit high efficiency based on the combination 
of covariates included.11 The statistical criteria tested to establish efficiency were the 
Bayesian Information Criterion (BIC) and the Akaike Information Criterion (AIC). 
Both, the BIC and the AIC, are Penalized-likelihood information criteria that enable 
cross-comparison of different models using statistical power analysis (Dziak, 
Coffman, Lanza, & Runze, 2012). The two information criteria support different 
models depending on the trade-off between the relative importance one assigns to 
specificity versus sensitivity.  
Using all variables specified in the data section and allowing second-order 
polynomials as well as interaction terms, all possible combinations of covariates 
were tested regarding their joint significant and variation explained in relation to 
the main outcome variable; i.e. the sum of income earned in the years 2006-2013. In 
accordance with theory, in our estimations, the model with the lowest BIC had a 
higher joint significance compared to the model with the lowest AIC, an F-statistic 
of 44.36 vs. 28.91, whereas the model with the lowest AIC was able to explain more 
of the variation in the dependent variable (Adj. R-squared = 0.2391 vs.  0.2244). All 
suggested variables to be included according to the BIC and AIC are shown in table 
14 in the appendix to chapter 3. 
The final specification used in our analysis included all variables suggested by the 
model with the lowest BIC. Additionally, three further groups of variables were 
added to the model as suggested by the AIC in order to increase the amount of 
variation explained. These were an interaction term between before application 
earnings from 2004 and age at admission, indicator variables reflecting the highest 
attained level of education and indicator variables for the registered medical 
diagnosis. Three other terms (Wage2004², Age² and Wage2003*Age), included in the 
model with the lowest AIC, were not used in the final specification because they 
correlated strongly with already included variables, while not being existential for 
the (weak form of the) conditional independence assumption to hold (they did not 
significantly alter the estimated coefficients when included). Some of the variables, 
in the final regression model were not individually statistically significant but the 
likelihood ratio test statistic for the model was large (Prob > chi2 = 0.000). The F-
 
11 MacDonald, Brodner, & Jacobs (2004) introduce this technique 
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statistic and adjusted variation explained of the final model were in between the 
models with the optimal BIC and AIC (F-statistic=33.80; Adj. R-squared = 0.2366). 
The final specification of the propensity score model to estimate the conditional 
treatment (graduation) probabilities had the following functional form:  
Mlogit() =  +  ∗  !" 2003& +  & ∗  !" 2003 + ' ∗  !" 2004 + ) ∗ *!"+ + ∗  !" 2004 ∗ *!" + , ∗ -./01! 23 345 + 6,8,9…+∗ ;-< =>" + , ∗ 2"? + 6& ∗ @A4B 30-1 + &,&&∗ CDE A0 !1-505 + &' ∗ F"!0-1 + " 
Outcome Model  
To examine changes in employment outcomes, the average treatment effect (ATE) 
and the average treatment effect on the treated (ATET), were estimated using the 
inverse probability weighted regression adjustment method (IPWRA). The IPWRA 
estimator makes use of conditional probability weights to obtain outcome-
regression parameters that account for the missing-data problem, which arises from 
each subject being observed in only one of the potential outcomes. The IPWRA 
method is characterized by a three-step procedure to estimate treatment effects:  
1) The propensity score was estimated using multinomial logistic regression in 
order to establish comparability, modeling the program completion status as the 
dependent variable and individual characteristics as independent variables. The 
analysis made use of Imbens’ generalization of the propensity score (G. W. 
Imbens, 2000), which showed that the results of Rosenbaum & Rubin 
(Rosenbaum & Rubin, 2006) continue to hold when the treatment is multi-
valued. 12  Using Statas’ built-in “mlogit” command, conditional treatment 
probabilities were estimated. The “mlogit” command fits maximum-likelihood 
multinomial logit models, also known as polytomous logistic regression.13 In 
line with Wooldridge’s advice (Wooldridge, Jeffrey, 2010), the specification 
included all covariates that were correlated with employment outcomes, even 
though they were not individually significant in the selection model. Following 
Rosenbaum & Rubin’s approach (Rosenbaum, Paul R, Rubin, 1984), an iterative 
approach to specifying the propensity score model was used; quadratic- and 
interaction-terms were added accordingly (as shown in the previous section). 
 
12 See also the papers by Imbens (Imbens, GW, 2004) for further explanations and Cattaneo et 
al. (Cattaneo, Arbor, Drukker, & Holland, 2010) or Linden et al (Linden & Yarnold, 2016) for 
applications. 
13  For an introduction to multinomial logit models, please see (Greene, 2012; Hosmer, 
Lemeshow, & Sturdivant, 2013; Long & Freese, 2014). 
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2) Regression models of the employment and social security outcomes were fitted 
for each treatment level separately (OLS for continuous outcomes, Probit for 
discrete).14 In the regression models, observations were weighted by the inverse 
probability of treatment (i.e. the conditional probability of people completing a 
program). The results of the models were used to predict treatment-specific 
potential outcomes for each subject in both the treated and the non-treated state 
(of which only one is observed in reality).  
3) The means of the treatment-specific outcomes were computed. The differences 
in these averages provided estimates of the average treatment effects (ATE). In 
addition, because researchers and policymakers might be more interested in the 
causal treatment effects only for those who successfully completed the re-
training measures, the average treatment effects on the treated (ATET) were 
calculated. This was achieved by limiting the observations to the subset of 
graduates before estimating the mean differences between the outcomes with 
and without program completion.  
Following these steps produces consistent estimates of the influence of the 
intervention because the treatment is assumed to be independent of the potential 
outcomes after conditioning on the covariates (Cattaneo, 2010). Hereby, it is 
assumed that all differences between program graduates and non-graduates were 
due to observable characteristics. The IPWRA estimator exhibits the double robust 
property meaning that it applies the selection and outcome model simultaneously, 
thus, producing a consistent estimate of the parameters if either of the two models 
is correctly specified (Wooldridge, Jeffrey, 2010).  
Post-estimation statistics were, henceforth, computed to describe the extent to which 
covariates were balanced across specifications after the re-weighting of data. In 
particular, Let ?GH refer to the sample average of covariate j for the treatment groups 
g=0,1,2 and let 5GH be the sample standard deviation; the calculation of normalized 
differences in a variable then takes the following form (G. W. Imbens & Rubin, 2015, 
p. 310):   
 
14 Statistical analysis was performed using the group of “teffects” commands introduced in 
Stata 13. Compared to the formerly commonly used “psmatch2”, the updated algorithm 
considers the fact that propensity scores are estimated rather than known when calculating 
standard errors.  
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The standardized difference in continuous variable = (?H − ?H)
W(5&H + 5&H)2
 
If the variable was measured on a discrete scale, the standardized differences were 
calculated as follows:  
The standardized difference in discrete variable = (>̂H − >̂H)
W(>̂H(1 − >̂H) + >̂H(1 − >̂H)2
 
Where >̂H and >̂H  denote the proportion or mean of a binary baseline variable in the 
treatment and control group, respectively. Although there is no clear cut-off point 
defined, 0.10 and 0.25 have frequently been considered as values the estimates 
should be compared against. In general, a difference in average means larger than 
0.25 standard deviations is substantial and, in that case, suspicion may be called for 
(G. Imbens & Wooldridge, 2007). In contrast, standardized differences as low as 0.10 
reflect a degree of balance comparable to what one might expect in a completely 
randomized experiment (G. W. Imbens & Rubin, 2015).  
3.3 Results  
3.3.1 Descriptive characteristics of study participants 
After limiting observations to those for which employment data was recorded for 
the entire eleven years, the final sample consisted of 2,399 individuals. Of those, 278 
had completed a one-year re-training program, 1,754 individuals had successfully 
completed a two-year re-training program and 367 individuals had not completed 
either of the re-training programs. Table 10 contains descriptive statistics of the 
participants at baseline. On average, individuals in the one-year intervention group 
were older than those in the group of program dropouts, experienced lower pre-
treatment earnings, were more often unemployed at the time of program application 
and disproportionally more often came from eastern Germany. The two-year 
intervention group, on the other hand, was marginally younger than the group of 
program dropouts, had a relatively higher percentage of females, had higher pre-
treatment earnings and were less often unemployed at the time of application. The 
primary medical diagnosis differed only marginally between comparison groups.  
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Table 10: Baseline characteristics of the one-year re-training intervention group, 
the two-year re-training intervention group and the group of program dropouts.  
Baseline characteristics 1-year re-
training 
(n=278) 
2-year re-
training 
(n=1,754) 
Program 
Dropouts 
(n=367) 
Age in years 
Mean (SD) 
 
41.58 (6.82) 
 
37.87 (6.75) 
 
38.11 (6.98) 
Gender 
   Females  
 
33% 
 
37% 
 
31% 
Income 2003,   
Mean (SD) 
 
€10,096 (€11,898) 
 
€13,249 (€12,437) 
 
€11,078 (€11,896) 
Income 2004,   
Mean (SD) 
 
€5,849 (€9,280) 
 
€6,922 (€10,115) 
 
€5,227 (€8,991) 
Employment Status 
Unemployed 
 
62% 
 
44% 
 
50% 
Residential Region  
Former East 
Germany 
 
56% 
 
28% 
 
30% 
Medical Diagnosis  
ICD 5 (Mental 
Disorders) 
 
15% 
 
15% 
 
13% 
ICD 13 (MSD) 58% 64% 63% 
Notes: Additional control variables used were indicator variables for the level of education 
and the last registered employment type. For both groups of variables, there were many 
observations with missing data. Most individuals in the sample for whom education data 
was available have no tertiary education, but many have completed an apprenticeship. The 
individuals in the sample for whom data on the employment type was available were most 
frequently formerly employed in qualified manual tasks, (semi-) professions, simple 
manual labor and services. 
3.3.2 Covariate balance 
Table 11 shows that the mean standardized differences in covariates between re-
training graduates and program dropouts, after re-weighting of observations, were 
small for all measured baseline characteristics. The differences can be considered 
negligible when compared to a cut-off of 0.10 standard deviations. The largest 
improvement in covariate balance, between the initial sample and the weighted 
sample, was attained by reducing the difference in the share of persons from former 
east German states between the one-year graduates and the dropout group from 0.53 
standard deviations before re-weighting of observations, down to 0.01 standard 
deviations after re-weighting. Similarly, the difference in income earned in the year 
2004 between the two-year graduates and the dropout group was reduced from 0.18 
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standard deviations before re-weighting of observations, to 0.01 standard deviations 
after re-weighting. Summarizing, the analysis of standardized differences suggested 
that the distribution of covariates between comparison groups were balanced after 
observations were re-weighted by the inverse probability of being treated. 
Table 11: Standardized differences before and after re-weighting observations, 
one-year re-training intervention group vs. control group and two-year re-
training intervention group vs. control group 
 Initial sample  Weighted Sample 
Program Dropouts n=367  n=794 
1yr graduates n=278  n=809 
2yr graduates n=1,754  n=795 
Baseline characteristics 1vs0 2vs0  1vs0 2vs0 
Age  0.50 -0.04  -0.07 <0.01 
Female  0.04 0.13  0.04 0.02 
Income 2003 -0.08 0.18  -0.06 0.01 
Income 2004 0.07 0.18  0.05 <0.01 
Income 2004 * Age  0.12 0.17  0.04 <0.01 
Income 2003 * Income 2003 -0.05 0.16  -0.01 0.01 
Unemployed 0.26 -0.12  -0.10 <0.01 
Former East Germany 0.53 -0.05  <0.01 0.01 
ICD 5 (Mental Disorders) 0.08 0.06  <0.01 -0.02 
ICD 13 (MSD) -0.12 <0.01  -0.07 0.03 
Neither Abitur nor apprenticeship -0.04 -0.11  -0.03 <0.01 
No Abitur but apprenticeship -0.08 0.13  0.09 0.00 
Abitur  -0.04 -0.02  0.06 0.01 
University Degree -0.06 -0.14  0.06 <0.01 
Agriculture 0.08 0.01  0.01 <0.01 
Simple Manual Labor  0.07 0.03  -0.11 -0.01 
Qualified Manual Labor -0.13 0.01  -0.10 <0.01 
Technician/Engineer 0.07 -0.03  -0.01 -0.04 
Simple Services -0.02 -0.06  -0.07 <0.01 
Qualified Services -0.11 -0.02  -0.06 0.01 
(Semi-) Professions -0.12 0.14  0.06 0.02 
Simple commercial/administrative -0.08 -0.07  0.04 <0.01 
Qualified commercial/administrative 0.04 0.03  -0.02 <0.01 
Notes: Initial Sample, standardized differences in covariates between comparison groups 
as recorded; Weighted Sample, standardized differences in covariates between comparison 
groups after re-weighting of observations by inverse probability of being treated. 
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3.3.3 Treatment effects  
Average Treatment Effects 
Table 12 shows that the re-training programs had a significant influence on 
measured income and employment outcomes compared to the no re-training 
scenario. The estimated ATE of one-year re-training on nominal income was equal 
to €22,839, the ATE of two-year re-training was equal to €35,620. This was in 
comparison to the counterfactual scenario of no completed re-training. Without re-
training, the average mean income over the eight-year observation period was 
assessed to be equal to €81,961. Including the effects of inflation, the ATE of one-year 
re-training on income was reduced to €21,539, while the ATE of two-year re-training 
on income was reduced to €32,776. All estimated differences in income were 
statistically significant at the one percent level.  
An analysis of the number of days with employment showed that the income gains 
were mainly the result of more days in employment. The potential-outcome means 
with re-training were significantly larger compared to the potential outcome mean 
without re-training. Over the eight-year observation period, the average treatment 
effect of one-year re-training on the number of days in employment was equal to 322 
days, while the ATE of two-year re-training was equal to 445 days. Both estimates 
were significant at the one percent level.  
Additionally, there was a significant decrease in days with social security and 
unemployment benefits linked to the completion of both programs. The ATE of one-
year programs on the number of days with social security benefits was equal to -300 
days, while the ATE of two-year programs was equal to -88 days. Both estimates 
were significant at the one percent level. Moreover, the ATE of re-training on the 
number of days with short-term unemployment benefits was equal to -50 days with 
a one-year re-training, and -23 days with a two-year re-training. The estimated ATE 
of one-year re-training on short-term unemployment was significant at the one 
percent level. The effect of two-year re-training on the number of days with short-
term unemployment benefits was not statistically significant. On the other hand, the 
mean effect of one-year re-training on long-term unemployment was not statistically 
significant, whereas the ATE of two-year re-training on accumulative days with 
long-term unemployment benefits was significant at the one percent level. The ATE 
of one-year re-training on long term unemployment was equal to 64 days, while the 
ATE of two-year programs on the accumulative number of days with long-term 
unemployment benefits was equal to -142 days.  
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Table 12: Potential outcome means and average treatment effects, one-year and 
two-year re-training in comparison to no re-training scenario 
 Potential-Outcome 
Mean (SE.) 
Average Treatment Effect 
(95% CI.) 
Income (in nominal €) 
  No re-training €81,961 (€3,764)  
  1yr re-training €104,801 (€6,063) €22,839 (€8,992, €36,687)** 
  2yr re-training €117,582 (€1,910) €35,620 (€27,546, €43,695)*** 
Income (in 2005 €) 
  No re-training €75,255 (€3,424)  
  1yr re-training €96,793 (€5,710) €21,539 (€8,549, €34,528)** 
  2yr re-training €108,030 (€1,769) €32,776 (€25,471, €40,081)*** 
Employment (in days) 
  No re-training 1,209 (43)  
  1yr re-training 1,531 (76) 322 (152, 492)*** 
  2yr re-training 1,654 (20) 445 (354, 536)*** 
Social security Benefits (in days) 
  No re-training 677 (23)  
  1yr re-training 377 (25) -300 (-366, -235)*** 
  2yr re-training 589 (7) -88 (-136, -42)*** 
Short-Term Unemployment (in days) 
  No re-training 185 (11)  
  1yr re-training 136 (12) -50 (-82, -17)** 
  2yr re-training 162 (5) -23 (-47, 1) 
Long-Term Unemployment (in days) 
  No re-training 373 (26)  
  1yr re-training 437 (42) 64 (-33, 160) 
  2yr re-training 231 (10) -142 (-196, -88)*** 
Earnings Incapacity Pension (percentage) 
  No re-training 10.1 (1.5)  
  1yr re-training 9.1 (1.8) -1.1 (-5.6, 3.5) 
  2yr re-training 4.3 (0.5) -5.8 (-8.9, -2.7)*** 
Notes: Accumulative results after eight years. Long-term UE only from 2006-2010. Inverse 
Probability Weighted Regression Adjustment Method was used to estimate potential-
outcome means. The potential-outcome means refer to the average of the outcomes, for a 
specific level of re-training, given that all individuals would have attained this outcome. 
The average treatment effect measures the difference in these means. Final values were 
rounded to the nearest whole number (to the nearest tenth for percentage).  
***P < 0.001 **P < 0.01 *P <0.05 
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The re-training programs also influenced the uptake of a pension due to a reduced 
earnings capacity. While the likelihood to receive an earnings incapacity pension 
without re-training was equal to 10.1%, it was 9.1% with one-year re-training and 
4.3% with two-year re-training. The corresponding ATE of one-year re-training on 
earnings incapacity pension uptake of -1.1% was not statistically significant. 
However, the ATE of two-year re-training on earnings incapacity pension uptake of 
-5.8% was significant at the one percent level.  
Average Treatment Effects on the Treated  
Table 13 shows that the evaluated re-training programs had a large effect on the 
graduates’ accumulative incomes and employment days. Without re-training, one-
year re-training graduates would have earned €69,939 over the eight-year 
observation period. With re-training, one-year program graduates, on average, had 
earned €24,260 more in comparison. Two-year program graduates, on average, 
would have earned €84,445 without the re-training measures, but were able to 
increase their income as a result of the re-training programs, on average, by €35,972. 
The corresponding ATET on real incomes were equal to €22,742 for one-year 
program graduates, and €33,097 for two-year program graduates. The income effects 
were statistically significant at the one percent level. 
According to the analysis carried out, one-year program graduates were employed 
for 405 additional days in comparison to the counterfactual scenario without re-
training. Two-year program graduates were employed for 441 additional days in 
comparison to the no-training scenario. The estimated ATET on employment days 
were significant at the one percent level. Moreover, one-year re-training graduates 
had 316 fewer days with social security benefits compared to the no re-training 
scenario. Two-year re-training graduates had 92 fewer days on social security 
benefits. Both estimated reductions were significant at the one percent level.  
In addition, one-year program graduates, on average, had 26 fewer days on short-
term unemployment benefits in comparison to the non-training scenario, while two-
year graduates had 24 fewer days. However, differences in days with short-term 
unemployment benefits were not statistically significant for either group of re-
training graduates. Moreover, in comparison to the potential outcome mean without 
re-training, one-year program graduates, had 20 additional days on long-term 
unemployment benefits, whereas two-year program graduates had 140 fewer days 
on long-term unemployment benefits. The estimated changes in long-term 
unemployment benefits were not statistically significant for one-year program 
graduates, but significant at the one percent level for two-year re-training graduates. 
Completing vocational re-training also had an effect on the likelihood of uptake of a 
pension due to a reduced earnings incapacity. The baseline likelihood of receiving 
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an earnings incapacity pension without re-training was equal to 10.2%. In 
comparison, it was 3.1% lower for completers of one-year programs, and 6.0% lower 
for completers of two-year programs. The ATET was not statistically significant for 
one-year graduates, but significant at the one percent level for two-year graduates. 
Table 13: Potential outcome means without re-training among treated 
individuals and average treatment effects on the treated, one-year and two-year 
re-training in comparison to no re-training scenario 
 Potential-Outcome 
Mean Without Re-
Training (SE.) 
Average Treatment Effect on 
the Treated (95% CI.) 
Income (in nominal €) 
  1yr re-training €69,939 (€4,601) €24,260 (€12,805, €35,715)*** 
  2yr re-training €84,445 (€3,935) €35,972 (€27,743, €44,202)*** 
Income (in 2005 €)   
  1yr re-training €64,251 (€4,250) €22,742 (€12,150, €33,334)*** 
  2yr re-training €77,533 (€3,637) €33,097 (€25,495, €40,700)*** 
Employment (in days) 
  1yr re-training 1,095 (62) 405 (249, 561)*** 
  2yr re-training 1,234 (44) 441 (349, 534)*** 
Social Security Benefits (in days) 
  1yr re-training 647 (28) -316 (-380, -251)*** 
  2yr re-training 684 (23) -92 (-140, -45)*** 
Short-Term Unemployment (in days) 
  1yr re-training 170 (17) -26 (-66, 13) 
  2yr re-training 188 (11) -24 (-48, 0) 
Long-Term Unemployment (in days) 
  1yr re-training 451 (43) 20 (-82, 122) 
  2yr re-training 357 (26) -140 (-194, -87)*** 
Earnings Incapacity Pension (percentage) 
  1yr re-training 10.2 (1.9) -3.1 (-7.8, 1.6) 
  2yr re-training 10.2 (1.5) -6.0 (-9.2, -2.9)*** 
Notes: Accumulative results after eight years. Long-term UE only from 2006-2010. Inverse 
Probability Weighted Regression Adjustment Method was used to estimate potential-
outcome means. The potential-outcome means of no re-training refer to the average 
potential outcome, that would have occurred among those that graduated from a specific 
re-training had they not completed the re-training measures. The average treatment effect 
on the treated measures the difference in means with and without re-training for the subset 
of treated individuals. Final values were rounded to the nearest whole number (to the 
nearest tenth for percentage). ***P < 0.001 **P < 0.01 *P <0.05 
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Annual Income Development 
Figure 4 illustrates the annual, inflation-adjusted, income development of the re-
training graduates in comparison to the no-training scenario. During the years 2007-
2013, graduates of both re-training programs had significantly higher income 
compared to the counterfactual scenario of no-training. The positive effects of 
vocational re-training on income were sustained until the last year of the observation 
period. In the year 2013, the (adjusted) difference in real income of one-year program 
graduates was €2,661, 95% CI [€882, €4,439], higher compared to the non-training 
scenario. Two-year program graduates earned €5,369, 95% CI [€3,975, €6,764], more 
compared to the counterfactual scenario of no completed re-training.  
 
Figure 4 Graphical analysis real income development 2006-2013 in comparison to 
the scenario of no program completion; average treatment effect on the treated; 
annual estimates; vertical lines illustrate 95% confidence interval.  
Sensitivity Analysis: Only Non-Medical Program Dropouts 
In a sensitivity analysis the control group was trimmed to participants who reported 
a non-medical reason for program non-completion. The most prevalent reasons for 
program non-completion were of a medical nature (48.2%), followed by failed 
examinations (21.8%) and other performance issues (6.5%) (Table 9). It could be 
argued that participants who left the program for medical reasons carry some 
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unmeasured confounders linked to their state of health, which negatively affect the 
employment situation. Thus, it was worth recalculating the model without program 
dropouts who left the program due to a reported medical reason.  
Leaving out data from 177 participants reduced the comparison group to 190 
observations (overall n=2222). The analysis of standardized differences suggested 
that the distribution of covariates between comparison groups were balanced after 
observations were re-weighted by the inverse probability of being treated. All 
differences in covariates were reduced to a negligible level, the necessary condition 
to carry out the impact analysis. According to the reduced sample analysis, the 
adjusted differences in income were still significant but slightly reduced in absolute 
value in comparison to the treatment effects on the full sample. Over the eight-year 
observation period, the nominal treatment effect on the treated for one-year program 
graduates was reduced to €22,451, 95% CI [€8,238, €36,664], and for two-year 
program graduates to €32,246, 95% CI [€21,568, €42,923]. For the other outcome 
measures, the estimates were trimmed by a similar margin.  
3.4 Discussion  
In this chapter, an empirical example of how to use administrative panel data when 
evaluating re-training programs for people with disabilities has been provided. The 
main research goals of this analysis were linked to finding a viable control group 
and linking various data sources to examine the long-term effectiveness of 
vocational re-training measures for a representative group of rehabilitants in 
Germany. Those effects include changes in individual earnings and days with 
employment, earnings incapacity pension receipt and changes in the number of days 
on social security and unemployment benefits. Based on a random sample of 2,399 
individuals admitted into vocational re-training, the effectiveness of the measures 
was examined by estimating the average treatment effect and the average treatment 
effect on the treated in relation to the case of no completed re-training.  
The choice of method for the analysis of absolute treatment effects in this study adds 
to the methodological debate on how to estimate program effects from observational 
data for public policymaking. The main point of debate is whether policymakers can 
confidently rely on treatment effect estimates obtained from quasi-experimental 
research settings. Much of the literature indicates that the most common weakness 
in the quasi-experimental research setting is linked to using an external comparison 
group. While different training programs exhibit different institutional settings, the 
foregoing analysis suggests that it is possible, at least for the case of vocational re-
training in Germany, to make use of information on program dropouts as an 
appropriate internal control group to obtain meaningful treatment effect estimates 
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While this study only included a relatively small number of controls in relation to 
the number of treated subjects, the analysis of standardized differences has shown 
that despite the relatively small number of controls, effective re-weighting was 
carried out, which limited the differences in covariates between comparison groups 
to a negligible level. This was the prerequisite to carry out the impact analysis.  
The results of this analysis suggest that both types of vocational re-training 
programs analyzed significantly improved the income and employment situation of 
the individuals involved over the first eight years after program admission. After 
other factors had been controlled for, graduates of one-year re-training were on 
average employed for an additional 405 days, 95% CI [249 days, 561 days], and had 
earned €24,260 more than without re-training, 95% CI [€12,805, €35,715]. Two-year 
program completers, on average, were employed for 441 additional days, 95% CI 
[349 days, 534 days], and had earned €35,972 more than without re-training, 95% CI 
[€27,743, €44,202]. Moreover, completing a re-training program significantly 
reduced the number of days on social security benefits and influenced the number 
of days on unemployment benefits. In addition, the measures also reduced the 
likelihood of receiving an earnings incapacity pension in comparison to the 
counterfactual scenario of no re-training. Over the eight-year observation period, 
one-year program graduates had a 3.1% lower likelihood of being awarded a 
pension due to a reduced earnings capacity, 95% CI [-7.8%, 1.6%]; two-year program 
graduates had a 6.0% lower likelihood, 95% CI [-9.2%, -2.9%].  
When drawing causal conclusions from the estimated relationships the set-up of the 
quasi-experiment should always be kept in mind. The association between the 
duration or level of schooling and earnings does not necessarily imply causality. 
Program dropouts participated in the re-training measures before leaving the 
program, thus, also profiting from the skill training, while at the same time, using 
up time that could have been spent otherwise if they would have never participated 
in the measures at all  (e.g. to earn money or to get a different training). On the one 
hand, failed examination and other performance issues being common among the 
group of program dropouts’ signal that the former might have carried some 
unmeasured confounders, which could negatively affect their earnings 
performance. This would mean that the estimated causal relationships in this 
analysis were upward biased, due to the negligence of these factors. On the other 
hand, the argument can be brought forward, that many of the program dropouts 
likely discontinued their training because they found another job opportunity 
(perhaps even linked to the benefits received from participating in re-training). This 
would mean that the treatment effects were underestimated, since some of the wage 
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improvement in the control group was due to knowledge and skills attained during 
the period of rehabilitation.  
Regarding the relative effectiveness of the two interventions studied, the estimated 
mean employment effects were generally larger for two-year re-training programs 
in comparison to one-year programs (despite longer program duration), indicating 
that two-year programs have a larger impact. However, the response to treatment is 
likely to be heterogeneous and dependent on the individual situation and 
preferences of the rehabilitants. Program participation depends both on rehabilitant 
eligibility and on the selection by the person in charge or self-selection by potential 
participants.  
To better understand the individual needs and responses to training, it would be 
relevant to further explore the perspective of the individual before and during the 
period of rehabilitation as well as the role of the provider in programmatic decision 
making. While about half of program dropouts left the program for medical reasons, 
further explorative analysis is also needed to improve the assistance provided 
during the period of rehabilitation to prevent the occurrence of medically related 
dropouts. This includes knowing more about the barriers with regards to the access 
to the re-training measure, which would allow a more accurate prediction of when 
re-training is medically appropriate and what type of additional assistance 
(accommodation) is needed for the measures to have the greatest chance of success.  
In addition, further analysis could investigate whether program dropout could have 
been predicted before the start of the measures based on better screening and 
program allocation mechanisms. Apart from medical reasons for program dropout, 
failed examinations and other performance issues were the other main reasons why 
individuals were not able to finish a re-training program. Consequently, future 
research should further investigate possible assistance that can be provided during 
rehabilitation to increase graduation rates. Moreover, the outcome of allocation 
practices should be further examined: Were the individuals satisfied with the 
occupational re-training choice? Would they rather have enrolled in a different trade 
or occupation? Were there other reasons that influence how well the rehabilitants 
perform in the examinations? Given the large benefits associated with completed re-
training and the comparatively large costs of these measures, these are relevant 
questions.  
A potential drawback of this study is that the range of potential variables for 
calculating the propensity score was limited to a fixed number of registered 
covariates. Although this study incorporates various proxies to model the earnings 
ability of the rehabilitants, it was not possible to observe or measure the 
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rehabilitants’ motivation or other soft factors that have an influence on employment 
outcomes, which may lead to imprecise estimates. Incorporating proxies for these 
“factors” into future analysis could contribute to a better understanding of 
individual education and work reintegration trajectories. Another interesting area 
for future research could be to address potential measurement error in the treatment 
variable using instrumental variables methods. In the absence of randomized 
control trials, policy changes could be a source of promising instruments since they 
affect the allocation to treatment independently of preferences. Other, possible 
instruments include the distance to the nearest training facilities or the parental 
education level.15  
Despite these potential limitations, the treatment effects presented in this study are 
an important contribution to the empirical knowledge on the influence vocational 
re-training on the employment re-integration of individuals with disabilities in 
Germany. This claim is based on the availability of a unique database and the 
application of appropriate statistical methods, which have allowed a thorough 
evaluation of the impact of the re-training programs. According to the estimated 
treatment effects, completing a vocational re-training was associated with significant 
improvements in the employment status while also reducing dependency on social 
security benefits. Policies to promote the labor market reintegration of persons with 
disabilities should consider that vocational re-training may be an effective tool for 
sustainably improving work participation outcomes.   
 
15 The distance to a training facility is generally considered to be one of the most important 
non-monetary barriers impeding access to education programs. On the other hand, parental 
education instruments build on the concept of inter-generational correlation of education 
outcomes. 
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3.5 Appendix to Chapter 3 
The counterfactual Framework in the analysis of treatment alternatives 
Using the terminology of Wooldrige, Jeffrey, (2011), the impact of a treatment on 
individual i, δi, is the difference between potential outcomes with and without 
treatment:  
Z[ =  \[ − \[ 
To estimate the impact of a program over the population, several possibilities have 
been suggested in the literature. Since the effect to be measured, is an individual 
specific, random variable, it has to be specified which feature of the distribution is 
to be estimated (Wooldridge, Jeffrey, 2010). Rosenbaum & Rubin (2006) suggest 
estimating the average treatment effect (ATE), which is the expected effect of 
treatment on a randomly drawn person from the population (Wooldridge, Jeffrey, 
2010, p. 905f):  
]^_ = @( − ) 
It can be argued that, for policy purposes, this is not the best quantity of interest 
since it averages across the entire population, thus, potentially including subjects 
into the estimate of the average who would, in fact, never be eligible for treatment 
(Wooldridge, Jeffrey, 2010). A better-suited quantity for policy purposes might, 
therefore, be the average treatment effect on the treated (ATET). The ATET is the 
mean effect for those who actually participated in the program:  
]^__ = @( −  | = 1) 
Where w = 1 refers to the treatment and zero otherwise. The second term is the 
average outcome of treated individuals had they not received the longer treatment. 
The difficulty in estimating either the ATE or ATET is that only  or is observed 
for a single individual, never both. In fact, along with the treatment variable w, the 
observed outcome is:  
 = (1 − ) +  =  + (  − ) 
If treatment assignment was purely random such that the treatment indicator w was 
statistically independent of  and , the estimation of treatment effects would be 
straight forward since ATET and ATE would converge to the same value: 
]^_ = ]^__ = @( |  = 1) − @( |  = 0) 
However, pure randomization is often unfeasible since, for example, people deemed 
to be participating in rehabilitation measures usually cannot be denied access to the 
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services. Moreover, the individuals themselves, as well as the agency in charge of 
program allocation, at least partly determine whether they receive treatment and 
what type. Whereas their decisions may be related to the anticipated benefits from 
training, placement mechanisms can be thought of being non-random (Wooldridge, 
Jeffrey, 2010).  
Assumptions 
The availability of relevant data on pre-treatment outcomes and patient 
characteristics, however, allow ATE and ATET to be estimated under less restrictive 
assumptions than independence between (, , )  (Wooldridge, Jeffrey, 2010). 
Rosenbaum & Rubin (2006) developed the “ignorability of treatment” assumption, 
sometimes also called un-confoundedness or conditional independence assumption. 
Under the ignorability of treatment assumption, conditional on a set of measured 
covariates (X), the assignment of units to treatment is ‘as good as random’ 
(Rosenbaum & Rubin, 2006): 
Conditional Independence:  (, ) ⊥ w|X  
In Heckman & Robb (1985) this strategy is also referred to as the “selection on 
observables strategy”. It requires that all variables thought to be influencing the 
outcomes are observed and included in the group of covariates. It provided the basis 
for using the results of the untreated subject to construct an unbiased counterfactual 
for the treatment group. Naturally, the conditional independence assumption seems 
to have a better chance of holding with a richer set of control variables. For the 
results to have a meaningful interpretation, common support (overlap in measured 
covariates) is needed to evaluate treatment effects (Wooldridge, Jeffrey, 2010). 
Common support refers to the property that, for all possible vectors of X, there is a 
positive probability of being both treated and untreated:  
Common support:  0 < e( = 1|?) < 1 
When both properties, the conditional independence and the common support, are 
satisfied, the treatment assignment is said to be strongly ignorable using the original 
terminology of Rosenbaum & Rubin (2006), and ATE and ATET can generally be 
specified (Wooldridge, Jeffrey, 2010). The main challenge is similarity; the goal is to 
find training participants who can be thought of being very similar in terms of 
observable characteristics that affect employment outcomes.  
The propensity score model 
The most frequently used balancing score is the propensity score; the probability to 
be treated given the observed characteristics. This has two reasons: First, adjusting 
for differences in the propensity score between treated and control groups 
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eliminates all systematic biases associated with differences in observed patient 
characteristics. Second, using propensity score methods the “similarity” aspect of 
the estimation is reduced to a single dimension; naturally, it is easier, to find close 
matches on a scalar function of the observed characteristics, compared to finding 
close matches on all covariates observed (G. W. Imbens & Rubin, 2015).  
Formally, let f0 denote the individual vector of pre-treatment characteristics, while 
the treatment status is reflected by [ . Then the conditional probability of treatment, 
the propensity score, can be denoted as: 
e.([ = 1| ?[ , "(?[) ) = e.([ = 1| ?[) = "(?[) 
The assumption that motivates the covariate adjustment is that conditioning on Xi 
eliminates selection bias. If treatment assignment is strongly ignorable given X, (that 
is (, ) ⊥ w| ? ), then it is strongly ignorable given any balancing score, i.e. the 
propensity score. Accordingly, at any value of a balancing score, the difference 
between the treatment and control means is an unbiased estimate of the average 
treatment effect at that value of the balancing score (Rosenbaum & Rubin, 2006).  
The motivation for focusing on propensity score methods is linked to the high 
dimensionality of the observable characteristics that have an effect on studied 
outcomes (Dehejia & Wahba, 2002). Because there are usually various explanatory 
variables available, it is cumbersome to determine along which dimensions to 
compare subjects and which weighting scheme to adopt. In those circumstances, 
propensity score methods can provide a natural weighting scheme that yields 
unbiased estimates of the treatment impact (Dehejia & Wahba, 2002). The value of 
propensity-score matching is in the dimension reduction generated by regions in the 
support of X where p(Xi) is constant but @([ |?[) and @([ |?[) are not (Angrist & 
Hahn, 2004).  
Usually a probit or logit model is used to estimate conditional treatment 
probabilities. The probit model employs a probit link function16 and is estimated 
using the maximum likelihood procedure. Probit models were first introduced in 
the 1930s (Bliss, 1934). Probit models are similar to logit models in that they are 
specifications for modeling binary response to treatment given a range of observed 
independent variables. Our analysis makes use of Imbens’ generalization of the 
propensity score (G. W. Imbens, 2000), which showed that the results of Rosenbaum 
 
16  The probit function is the quantile function associated with the standard normal 
distribution. Mathematically, it is defined as the inverse of the cumulative distribution 
function of the standard normal distribution. 
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& Rubin (Rosenbaum & Rubin, 2006) continue to hold when the treatment is multi-
valued. Accordingly, a multinomial logit model was used to calculate the 
conditional treatment probabilities. 
Model selection 
When deciding on variables to be included in the mode, it must be ensured that no 
variables are included that themselves are affected by treatment. For example, 
including a measure of education obtained after program assignment would hold 
additional education fixed when it actually varies in response to treatment 
assignment (Wooldridge, Jeffrey, 2010). Accordingly, proper candidates for being 
included in the set of covariates are variables measured prior to treatment 
assignment. This includes past outcomes of the dependent variable (Wooldridge, 
Jeffrey, 2010). It is suggested to use a flexible probit model in which various levels 
of the independent variables, for example, level, squares, and interactions are 
included (Dolton & Smith, 2011; Wooldridge, Jeffrey, 2010).  
As Bitton, Onega, Tosteson, & Haas (2014) note, selection models should include all 
variables thought to influence the outcome, even if they do not influence the 
treatment decision. Specifically, in this case, the model should only include variables 
that correlate with labor market earnings. On the other hand, instruments, which are 
variables that influence solely the treatment decision but not outcomes, should not 
be included in standard treatment selection models since they bias results 
(Wooldridge, Jeffrey, 2010). Rosenbaum, Paul R, Rubin (1984) present an iterative 
approach to specifying a propensity score model. The first step is to manually 
specify an initial propensity score model with only a few variables. Next, further 
relevant variables are added, and the comparability of treated and untreated subjects 
in the matched samples and the size of the coefficient in the outcome models were 
assessed. If there are important systematic differences in covariates between the two 
groups or potential omitted variables, the model should further be modified. This 
modifying can be done by adding additional covariates, nonlinear terms and 
interaction terms (Austin, 2011).  
With the assistance of statistical software, this process can be sped up significantly. 
Using Statas user-written “bfit” command, combinations of explanatory variables 
can be tested to identify models that exhibit high efficiency based on the 
combination of covariates included. 17  The statistical criteria tested to establish 
efficiency are the Bayesian Information Criterion (BIC) and the Akaike Information 
Criterion (AIC). Both, the BIC and the AIC, are penalized-likelihood information 
 
17 MacDonald et al. (2004) introduce this technique. 
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criteria that enable cross-comparison of different models using statistical power 
analysis (Dziak et al., 2012).  
The two information criteria support different models depending on the trade-off 
between the relative importance assigned to specificity versus sensitivity. Specificity 
refers to not overfitting a model or suggesting non-existent relationships while 
sensitivity refers to having sufficient parameters to model the relationships among 
variables (Dziak et al., 2012). Under the BIC, the optimal model exhibits fewer terms 
compared to the AIC due to the penalty given to higher degrees of freedom. In 
contrast, under the AIC, the optimal model includes more terms being more 
optimistic and the resulting penalty for model complexity being comparatively 
weak.  
Table 14 shows the different variables included in the models with the lowest BIC 
and AIC, respectively. In accordance with the theory, the BIC model had a higher 
joint significance, an F-statistic of 44.36 vs. 28.91, whereas the model with the lowest 
AIC was able to explain more of the variation in the dependent variable (Adj. R-
squared = 0.2391 vs. 0.2244). The specification used in our final model included all 
variables suggested by the BIC. Additionally, three further variables were added to 
the model. These were the interaction term between before application earnings 
(2004) and age at admission, the education dummies and the ICD dummies. Three 
other terms included in the model suggested with the lowest AIC score (Wage2004², 
Age² and Wage2003*Age), were not used in this final specification because they 
correlate strongly with already included variables while not being existential for the 
conditional independence assumption to hold.  
The final specification of the propensity score model to estimate the conditional 
treatment graduation probabilities had the following functional form:  
Mlogit() =  +  ∗  !" 2003& +  & ∗  !" 2003 + ' ∗  !" 2004 + ) ∗ *!"+ + ∗  !" 2004 ∗ *!" + , ∗ -./01! 23 345 + 6,8,9…+∗ ;-< =>" + , ∗ 2"? + 6& ∗ @A4B 30-1 + &,&&∗ CDE A0 !1-505 + &' ∗ F"!0-1 + " 
Some of the variables in the final model were not individually statistically significant 
but the likelihood ratio test statistic for the model was large (Prob > chi2 = 0.0000). 
The F-statistic and adjusted variation explained of the final model were somewhere 
in between the models with the optimal BIC and AIC (F-statistic = 33.80; Adjusted r-
squared = 0.2366). 
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Table 14: Comparison of independent variables included in the optimal model 
under the Bayesian and the Akaike Information Criterion and final model used 
 Optimal 
BIC 
Optimal 
AIC 
Final 
Model  
Prior work Experience    
Wage2003²(cont.) - O O 
Wage2003 (cont.) O O O 
Wage2004² (cont.) - O - 
Wage2004 (cont.) O O O 
Wage2003 * Age (cont.) - O - 
Wage2004 * Age (cont.) - O O 
Working status (1 dummy) O O O 
Job type dummies (9 dummies) O O O 
Demographic Factors    
Age² (cont.) - O - 
Age (cont.) O O O 
Sex (1 dummy) O O O 
Education (4 dummies) - O O 
ICD (2 dummies) - O O 
Residential Region (1 dummy) O O O 
Constant O O O 
F 44.36 28.91 33.80 
Prob > F 0.00 0.00 0.00 
Adj. R-squared 0.2244 0.2391 0.2366 
N 2,399 2,399 2,399 
Notes: Dependent Variable: Income 2006-2013. O = variable was included in the model.  
The maximum order of the covariate polynomials tested in this analysis was a fully 
interacted second-order polynomial.  
Estimation 
In this study, the inverse probability weighted regression adjustment (IPWRA) 
method was used to estimate treatment effects. The IPWRA estimator used in this 
study is part of the class of “Wooldridge’s double-robust” estimators, derived in 
Wooldridge (2007) and discussed at length in (Wooldridge, Jeffrey, 2010). The 
method is characterized by a multi-equation model consisting of an equation for the 
program selection (in this case a multinomial logit model), an outcome equation for 
the treated state and an outcome equation for the other treatment and non-treated 
state.  
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The propensity score was estimated using multinomial logistic regression in order 
to establish comparability, modeling the program completion status as the 
dependent variable and individual characteristics as independent variables. The 
analysis made use of Imbens’ generalization of the propensity score (G. W. Imbens, 
2000), which showed that the results of Rosenbaum & Rubin (Rosenbaum & Rubin, 
2006) continue to hold when the treatment is multi-valued.18 Using Statas’ built-in 
“mlogit” command, conditional treatment probabilities were estimated. The “mlogit” 
command fits maximum-likelihood multinomial logit models, also known as 
polytomous logistic regression.19  
Next, regression models of the employment and social security outcomes were fitted 
for each treatment level separately (OLS for continuous outcomes, Probit for 
discrete). In the regression models, observations were weighted by the inverse 
probability of treatment (i.e. the conditional probability of people completing a 
program). The results of the models were used to predict treatment-specific potential 
outcomes for each subject in both the treated and the non-treated state (of which 
only one is observed in reality).  
The means of the treatment-specific outcomes were computed among all individuals 
in the sample. The differences in these averages provide the estimates of the ATE. In 
addition, because researchers and policymakers might be more interested in the 
causal treatment effects only for those who successfully completed the re-training 
measures, the ATET was calculated. The ATET was calculated by limiting the 
observations to the subset of two-year (one-year) graduates before estimating the 
mean differences between the outcomes with and without program completion. 
Methods based on the inverse probability weight have several advantages over 
traditional matching techniques: First for IPW methods, data is simply reweighted 
using the estimated propensity score, thus, not requiring the choice of a caliper 
width. Second, under certain assumptions, the inverse probability method achieves 
the semi-parametric efficiency bound (Hirano, Imbens, & Ridder, 2003). Third, the 
approach exhibits the double robust property meaning that it applies the selection 
and outcome model simultaneously producing a consistent estimate of the 
parameter if either of the two models is correctly specified (Wooldridge, Jeffrey, 
2010). A simple proof that the doubly robustness property holds for certain 
combinations of conditional mean specifications is provided in Wooldridge (2007). 
 
18 See also the papers by Imbens (Imbens, GW, 2004) for further explanations. 
19  For an introduction to multinomial logit models, please see Greene, 2012; Hosmer, 
Lemeshow, & Sturdivant, 2013; Long & Freese, 2014. 
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4. One- and two-year re-training in comparison: does 
the extra year pay off?     
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4.1 Introduction 
The previous chapter showed how completing either type of vocational re-training 
program (partial or full) was linked to improvements in the employment situation 
and a reduced dependency on social security benefits, when compared to the 
alternative of no re-training. In this chapter, the analysis is extended to examine the 
extent to which one-year and two-year vocational re-training programs have similar 
effects on employment outcomes. Although the shorter re-training programs require 
less time and smaller financial resources, recent assessments have found that they 
might provide employment effects comparable to those of the traditional two-year 
programs.  
Traditionally, the focus of German vocational rehabilitation programs has been on 
long-term re-training measures that are often completed by formal examinations. In 
the light of political initiatives to strengthen horizontal training (qualification for 
additional tasks), partial qualifications are becoming increasingly popular as an 
alternative to the more involved full re-training programs. Following criticism 
regarding long-lasting lock-in effects of the traditional two-year programs, there has 
been an uprising of partial re-training measures that usually can be completed 
within a year.  
A recent evaluation of the differential impact of partial and full re-training measures 
(Bethge & Streibelt, 2015) suggests that the one-year programs provide similar 
employment effects to those of the traditional two-year program. Using four years 
of follow up data, the authors show that, for the matched rehabilitants, partial 
qualifications led to integration results comparable to those of the longer two-year 
programs. Their results are linked to the earlier findings by Biewen & Waller (2007), 
who identified that short-term programs are effective when compared to the 
traditional and more expensive longer-term degree programs. A similar finding can 
be found in Fitzenberger & Völter (2007), who compared the effectiveness of public-
sponsored training programs with those of the German federal employment office.  
However, the evaluation periods in the previously published reports are relatively 
short compared to the duration of the measures studied. According to Streibelt & 
Egner (2012), the time of follow up strongly influences studied outcomes. As such, 
there is a demand for empirical evidence on long-term outcomes to assess the 
question of long-term effectiveness and efficiency. Education researchers agree that 
the impact of an educational program may not be measurable for several years after 
the program has taken place. This delayed impact can be caused by a variety of 
factors, such as program lock-in effects, transitional periods after graduation with 
interrupted employment contracts, unavailability to the labor market (e.g. due to 
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enrolling in another education or training program) or (lack of) seniority, all of 
which may reduce short-term graduate productivity.  
To determine whether program allocation into a one- or two-year program is, on 
average, more effective, the employment outcomes of the two programs were 
directly compared. This comparison was performed on two levels: first, average 
treatment effects were calculated to compare the potential outcomes of all 
rehabilitants under each treatment scenario. Second, the analysis of the treatment 
effect was limited to the subset of individuals who participated in a two-year re-
training. This was done in order to evaluate the extent to which the additional year 
of education had an influence on the level of income earned and on social security 
benefit dependency among those that actually participated in the longer re-training 
programs. In addition, the potential outcome means with two-year re-training 
among treated individuals with a one-year re-training were estimated in order to 
assess the potential effect of the longer re-training for those that only received the 
shorter-duration re-training. In the analyses, a “selection on observed variables 
strategy” was adopted, making use of available pre-treatment data on the 
rehabilitants’ socio-economic status to identify conditional treatment probabilities. 
The doubly robust inverse probability weighted regression adjustment method was 
used to estimate treatment effects for the comparison groups.   
The remainder of this chapter is structured as follows: The next section presents the 
methods, with a description of the study design, the study population, the re-
training programs and the data used. Moreover, the statistical analysis method is 
summarized. In the results section, descriptive statistics of the participants are 
presented and the balance in covariates between comparison groups is evaluated 
before relative treatment effects of the re-training measures are presented. In the 
final section of this article, shortcomings of the findings are discussed before 
conclusions from the research are offered. 
4.2 Methods 
4.2.1 Study design and population 
To investigate the relative employment effects associated with two- or one-year 
vocational re-training in Germany, a retro-perspective, quasi-experimental, cohort 
study was performed. Often valid control groups can be found by analyzing people 
in different training programs because the best alternative to a certain educational 
program is not necessarily to receive no education but to receive a different 
treatment type instead. In this research, the incremental impact of two-year re-
training measures was assessed by estimating average treatment effects in 
comparison to hypothetical allocation into a one-year program. In the absence of 
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randomization, a propensity score-based method was used to establish 
comparability between comparison group. 
The data used for this analysis was collected from the administrative data records of 
the German Statutory Pension Insurance Fund (Deutsche Rentenversicherung Bund). 
It comprised accurate, process-generated information on the earnings development 
and insurance relationship for a cohort of rehabilitants in the eight years after 
admission into re-training and two years prior. The study population consisted of 
people with disabilities who, due to their health problem, were no longer able to (or 
would, in the foreseeable future, no longer be able to) carry out prior job tasks. 
Additionally, they must have successfully applied for vocational rehabilitation with 
the German Statutory Pension Insurance Fund20.   
Once the application for rehabilitation had been approved, suitable re-training 
programs were chosen from a large pool of certified private or public institutions 
specialized in different professions and skill training. Vocational education in 
Germany can generally be categorized into partial and full vocational re-training 
programs. Apart from the fact that both types of re-training programs require full-
time participation, they differ considerably in content and length.  
Full re-training programs are comparable to regular apprenticeships programs, 
typically lasting for two years. During the programs, classroom training is combined 
with on-the-job training to learn skills and obtain a professional qualification in a 
new field of work. A formal examination is often set at the end of the programs. 
Partial qualification measures, on the other hand, aim at extending existing 
competencies with additional skills, e.g. in the fields of business administration or 
information technology. The measures are usually completed within a year, aiming 
to reintegrate the participants more quickly into working life.  
4.2.2 Data  
The data used for this analysis was retrieved from administrative records made 
available by the Research Data Centre of the German Statutory Pension Insurance Fund. 
The corresponding data is representative of the whole rehabilitant population and 
featured accurate process-generated information on the income and employment 
development before and after participation in a rehabilitation measure.  
The retrieved data consisted of three databases: The first database included a 
random sample of all recognized vocational education measures in 2005 and a range 
 
20 The different eligibility and exclusion criteria for vocational rehabilitation have already 
been presented in Section 3.2.1 and are, therefore, not repeated here. 
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of variables linked to implementing the rehabilitation programs. The second 
database was retrieved from the pension insurance follow-up database in order to 
include information on the insurance relationship of the participants for two years 
before the program started and eight years after (2003-2013). To add further 
information on the rehabilitants’ backgrounds, a third database was added to 
control for fixed individual characteristics. Lastly, a fourth dataset provided 
information on whether a pension due to a reduced earnings capacity was paid out 
as well as the level of the pension benefits. This information was also collected 
directly by the Research Data Centre.  
4.2.3 Comparison groups 
In order to compare the effects of full and partial re-training programs, the data was 
stratified according to allocation into either the two-year or one-year re-training 
(horizontal comparison Figure 5). This was achieved by creating a bivariate indicator 
variable, which reflected whether the rehabilitants participated in a one-year re-
training (value=0) or participated in a two-year re-training (value=1). 21 In total, the 
group of one-year participants included 317 observations, while the group of two-
year participants included 2,082 observations.  
 
 
21  The outcome of the vocational re-training measure was identified using the variable 
“BFEWMS” from the provided dataset.  
Full re-training (2yr) 
(n=2,082)
Completed (n=1,754)
Not completed (n=328)
Partial re-training (1yr)  
(n=317)
Completed (n=278)
Not completed (n=39)
Figure 5 Comparison groups: duration effects of vocational re-training 
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4.2.4 Outcome measures  
Participation in paid employment was assessed using the nominal and real income, 
as well as employment days, in the first eight years after program admission (2006-
2013). This data was collected directly from the provided pension insurance follow-
up database. A potential drawback of the data used was that employment data 
collected by the German pension insurance is limited to a contribution ceiling. For 
annual incomes above €69,600 (€58,800 in the former East German states), the 
median value of €77,179 (€65,400) was recorded in the data instead of the true value. 
This potentially lowers the estimated program impact, as annual income above the 
specified cut-off value were not properly recorded. Changes in real income were 
estimated using the average of historical inflation rates collected from the German 
Federal Bureau of Statistics between 2003 and 2013 (Destatis, 2018). The mean annual 
discount factor used was equal to 1.6%.  
Secondary outcomes evaluated were days on social-security benefits, days on short-
term unemployment benefits, days on long-term unemployment benefits and an 
indicator variable signaling whether a pension due to a reduced earnings capacity 
was awarded. The data on social-security benefits included sick pay and temporary 
allowance payments made during the period of rehabilitation. Short-term 
unemployment benefits are benefits of the German unemployment insurance, which 
are paid on the occurrence of unemployment. They are usually paid for up to one 
year, and for older unemployed people, for up to two years. Long-term 
unemployment benefits are the basic (means-tested) social security benefits for 
employable persons in Germany, who are unemployed for longer than 12 months. 
Data on days with long-term unemployment benefits was only available from 2006-
2009. Workers who are only able to work a few hours a day because of their health 
can apply for a reduced earnings capacity pension. An individual can claim a 
reduced earnings capacity pension, if for the foreseeable future, because of ill health 
or disability, they are unable to do more than three hours of paid work a day. 
4.2.5 Covariates 
The following variables from the demographic database were included as 
independent variables in the calculations: age, gender and level of education. 
Additionally, the residential region, the main medical diagnosis and the 
employment status were retrieved from data collected during the application 
process. Moreover, based on the information provided from the insurance follow-
up database, measures of past earnings performance were included: the nominal 
income earned in the year 2003 and 2004 and the last registered occupation type.  
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4.2.6 Econometric approach 
To determine whether program allocation into a one- or two-year program was, on 
average, more effective, the employment outcomes of the two programs were 
directly compared. In the analysis, a “selection on observed variables strategy” was 
adopted, making use of available pre-treatment data on the rehabilitants’ socio-
economic statuses to identify conditional treatment probabilities. A probit model 
was used to model program allocation as a function of the measured covariates:   
Probit() =  +  ∗  !" 2003& + & ∗  !" 2003 + ' ∗  !" 2004 + ) ∗ *!"+ + ∗  !" 2004 ∗ *!" + , ∗ -./01! 23 345 + 6,8,9…+∗ ;-< =>" + , ∗ 2"? + 6& ∗ @A4B 30-1 + &,&&∗ CDE A0 !1-505 + &' ∗ F"!0-1 + " 
The variables used in the calculation represent the information available during the 
application process. Some of the variables, in the propensity score model, were not 
individually statistically significant but the likelihood ratio test statistic for the 
model was large (Prob > chi2 = 0.0000). 
The program impact was calculated using inverse probability weighted regression 
adjustment. Average treatment effects were calculated to compare the potential 
outcomes of all rehabilitants under each treatment scenario. In addition, the average 
treatment effect on the treated of participation in two-year (one-year) re-training 
programs was estimated against the alternatives of participation in the shorter 
(longer) re-training. The applied IPWRA estimator22 was composed of a three-step 
approach to estimating treatment effects:   
1) probability weights (propensity scores) were estimated (probit) 
2) regression models of the outcome for each treatment level were estimated 
(OLS); observations were weighted by the inverse probability of being 
treated  
3) potential outcome means were predicted under each treatment scenario; the 
contrast provided an estimate of the ATE. By restricting the analysis to the 
sub-samples of treated and non-treated subjects, the ATET were estimated.  
Additionally, post-estimation statistics were computed to examine whether the 
covariates were balanced across treatment groups after re-weighting of data. First, 
the distribution of propensity scores within the two treatment groups was graphed 
 
22 The IPWRA method is explained in more detail in the methods section of the previous 
chapter and in the appendix to Chapter 3 (sections 3.2.6 and 3.5). Here a probit model is used 
instead of a multinomial logit model because the treatment variable can only take two values. 
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in order to assess whether the two distributions have enough overlap. Second, the 
standardized difference in covariates before and after re-weighting of observations 
were calculated. Standardized differences refer to the difference in the mean value 
of a variable between treatment groups, divided by the pooled standard deviation.23  
4.3 Results 
4.3.1 Descriptive characteristics of study participants 
In Table 15, the descriptive statistics of the measured covariates are disaggregated 
by the type of measure provided. The mean age of full re-training participants was 
substantially lower than that of partial re-training participants. The proportion of 
women was greater in two-year re-training programs than in one-year programs. 
Participants of two-year re-training programs also had higher incomes in the years 
before program admission and were less often unemployed at the time of 
application than one-year re-training participants.  
Whereas only roughly a quarter of full re-training participants resided in one of the 
former East Germany states, this figure rose to more than half for those in partial re-
training participants. The primary medical problems differed to some extent 
between the different program participants. Compared to one-year re-training 
participants, two-year re-training participants more often had musculoskeletal and 
soft-tissue disorders whereas the share of people with mental and behavioral 
disorders was slightly higher in the one-year re-training group. 
Moreover, prior education attainments can be compared; the education variable, 
however, contained numerous missing values and can, thus, only to a limited extent 
be used as a valid predictor for prior educational attainments. Nevertheless, 
including the given information makes sense since education is thought to be a 
decisive covariate. Most participants for whom education data was available were 
not highly educated, whereby more full re-training participants than partial re-
training participants had a prior apprenticeship. In addition, the registered job 
position held two years before admission into rehabilitation was used as a further 
covariate. Re-training participants, who were employed, mainly carried out 
qualified manual tasks or were employed in (semi-) professions, followed by simple 
manual labor and services.   
 
23 The calculation of standardized differences is explained in more detail in the methods 
section of the previous chapter (Section 3.2.6). 
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Table 15: Baseline characteristics of one-year and two-year re-training 
participants (including program dropouts) 
Baseline characteristics 1-year re-training 
(n=317) 
2-year re-training 
(n=2,082) 
Age in years 
   Mean (SD) 41.55 (6.89) 37.85 (6.76) 
Gender 
   Females 33% 36% 
Income 2003 
   Mean (SD) €9,845 (€11,692) €12,963 (€12,393) 
Income 2004 
   Mean (SD) €5,702 (€9,129) €6,666 (€9,979) 
Employment Status 
   Unemployed 
 
61% 
 
45% 
Residential Region  
   Former East Germany 56% 28% 
Medical Diagnosis  
   ICD 5 (Mental Disorders) 16% 14% 
   ICD 13 (Musculoskeletal Disorders) 57% 64% 
Notes: Additional control variables used in the analysis but not reported in this output are 
indicator variables for the level of education and the last registered occupation type. For 
both groups of variables, there were many observations with missing data. Most 
individuals in the sample for whom education data was available have no tertiary 
education, but many have completed an apprenticeship. The individuals in the sample for 
whom data on the previous employment type was available, were most frequently 
formerly employed in qualified manual tasks, (semi-) professions as well as simple manual 
labor and services. 
4.3.2 Covariate balance 
The average propensity of program participants to have been selected into the one-
year program is summarized in Table 16. Accordingly, the average propensity score 
of being in the one-year program was (by design) higher for one-year re-training 
participants than for two-year re-training participants. However, the difference was 
relatively small, and for the full range between minimum and maximum values, 
comparable candidates were found in the comparison group. Furthermore, the 
common support condition was assessed by visualizing the distribution of treatment 
densities. The overlap between treatment propensities is graphed in Figure 6. For all 
observations in the re-training program, there were at least some candidates in the 
other program who have a propensity score in a similar range. After re-weighting 
the data, the two distributions almost perfectly overlap, indicating good 
performance of the applied re-weighting estimator.   
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Table 16: Overview propensity scores one- and two-year participants 
Group Observations Mean  
P-score 
Std. 
Dev 
Min  
P-score 
Max  
P-score 
1yr participants 317 0.22 0.13 0.01 0.66 
2yr participants 2082 0.12 0.09 0.00 0.67 
Notes: Dependent variable = 1 if rehabilitant was allocated into one-year re-training 
 
Figure 6 Overlap plot of propensity scores full re-training vs. partial re-training  
Table 17 shows that the mean standardized differences in covariates between the 
participants of one- and two-year re-training can be considered small, after re-
weighting observations, when compared to a cut-off of 0.10 standard deviations. For 
example, the standardized difference in age was reduced from 0.54 standard 
deviations to 0.08 standard deviations, while that of the difference in income earned 
in 2003 was reduced from 0.26 to 0.04. The largest improvement in balance was 
attained for the region variable, where the standardized difference was reduced 
from 0.58 to 0.03. Summarizing, the analysis of standardized differences suggests 
that the distribution of covariates between comparison groups were balanced after 
observations were re-weighted by the inverse probability of being treated.  
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Table 17: Standardized differences in covariates before and after re-weighting of 
observations, one-year re-training participants vs. two-year re-training 
participants 
 Initial sample Weighted Sample  
1yr  n=317 n=1,218 
2yr  n=2,082 n=1,181 
Baseline characteristics 1yr vs. 2yr 1yr vs. 2yr 
Age  -0.54 0.08 
Female  0.07 -0.01 
Income 2003 0.26 0.04 
Income 2004 0.10 -0.04 
Income 2004 * Age  0.04 -0.03 
Income 2003 * Income 2003 0.21 0.01 
Unemployed -0.33 0.10 
Former East Germany -0.58 0.03 
ICD 5 (Mental Disorders) -0.05 -0.04 
ICD 13 (MSD) 0.14 0.06 
Neither Abitur nor apprenticeship -0.03 0.03 
No Abitur but apprenticeship 0.16 -0.10 
Abitur  0.04 -0.03 
University Degree -0.06 -0.03 
Agriculture -0.06 -0.03 
Simple Manual Labor -0.05 0.07 
Qualified Manual Labor 0.13 0.09 
Technician/Engineer -0.10 0.01 
Simple Services -0.04 0.04 
Qualified Services 0.10 0.07 
(Semi-) Professions 0.26 -0.03 
Simple commercial/administrative 0.02 -0.07 
Qualified commercial/administrative -0.01 0.00 
Notes: Initial Sample, standardized differences in covariates between comparison groups 
as measured in data; Weighted Sample, standardized differences in covariates between 
comparison groups after re-weighting of observations by the inverse probability of being 
treated. 
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4.3.3 Treatment effects 
Average Treatment Effects  
Table 18 presents an overview of the estimated accumulative income and 
employment effects of two-year compared to one-year programs for the evaluation 
period 2006-2013 using the IPWRA estimator.  
The ATE of two-year re-training in comparison to one-year re-training equaled 
€10,126 in nominal euros and €8,792 in 2005 real euros. The results were a 
consequence of the higher accumulative days in employment after eight years 
despite longer program duration and higher dropout rates. In relation to the 
potential outcome mean with one-year re-training, this change in income equaled an 
increase of about 10%. The estimated accumulative number of days with 
employment was 85 days higher with two-year re-training compared to 
participation in one-year re-training. However, the estimated differences in 
accumulative income and employment days were not statistically significant at the 
five percent level.  
Additionally, the effects on days with unemployment and days with other social 
benefits were compared. The duration of transfer payments was characterized by 
shifts. According to the model estimates, participation in a two-year re-training was 
associated with 241 more days on social security benefits, 38 more days on short-
term unemployment benefits, but 202 fewer days on long-term unemployment 
benefits. These effects were significant at the one percent level. 
Lastly, the likelihood of receiving an earnings incapacity pension was evaluated. 
With two-year re-training, the likelihood was 3.2% lower than for those in a one-
year re-training. However, the measured difference in pension receipt was not 
statistically significant when compared against the significance threshold of five 
percent.  
Taken together, participation in two-year re-training was associated with more days 
in employment, higher income, significantly fewer days on long-term 
unemployment benefits and a reduced risk for an earnings incapacity pension, while 
participation in one-year re-training was associated with significantly fewer days on 
social security and short-term unemployment benefits.   
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Table 18: Potential outcome means and average treatment effects, participation 
in two-year vs. one-year re-training  
 Potential-Outcome 
Mean (SE.) 
Average Treatment Effect 
2yr re-training (95% CI.) 
Income (in nominal €) 
  1yr re-training €101,525 (€5,710)  
  2yr re-training €111,651 (€1,765) €10,126 (€-1,327, €21,578) 
Income (in 2005 €) 
  1yr re-training €93,774 (€5,221)  
  2yr re-training €102,565 (€1,624) €8,792 (€-1,696, €19,280) 
Employment (in days) 
  1yr re-training 1,495 (71)  
  2yr re-training 1,579 (19) 85 (-58, 228) 
Social Security Benefits (in days) 
  1yr re-training 367 (23)  
  2yr re-training 608 (7) 241 (195, 287)*** 
Short-Term Unemployment (in days) 
  1yr re-training 129 (11)  
  2yr re-training 167 (4) 38 (15, 61)*** 
Long-Term Unemployment (in days) 
  1yr re-training 454 (40)  
  2yr re-training 251 (10) -202 (-284, -122)*** 
Earnings Incapacity Pension (percentage) 
  1yr re-training 8.4 (1.6)  
  2yr re-training 5.3 (0.5) -3.2 (-6.6, 0.1) 
Notes: Eight-year accumulative results. Long-term UE only from 2006-2010. Inverse 
Probability Weighted Regression Adjustment Method was used to estimate the potential-
outcome means. The potential-outcome means refer to the average of the outcomes for a 
specific level of re-training given that all individuals would have attained this outcome. 
The average treatment effect measures the difference in these means. Final values were 
rounded to the nearest whole number (to the nearest tenth for percentage). ***P < 0.001 **P 
< 0.01 *P <0.05 
 
Average Treatment Effects on the Treated 
Table 19 shows the employment effects associated with participating in two-year re-
training in comparison to the counterfactual scenario of participation in a one-year 
re-training instead (among those that received a two-year re-training). With a one-
year re-training, two-year program participants would have potentially earned 
€102,650 over the eight-year observation period. With a two-year re-training, the 
participants had, on average, earned €11,270 more. The corresponding ATET on real 
incomes for two-year program participants was equal to €9,833. According to the 
model estimates, two-year program participants had worked an additional 102 days 
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compared to having been allocated a one-year re-training. This increase arose 
despite potential lock-in effects due to longer program duration. However, neither 
the effect on income nor the effect on employment were statistically significant at 
the five percent level. With regards to social-security and welfare benefit receipt, 
participants of two-year programs had 211 fewer days on long-term unemployment 
benefits but 41 more days on short-term unemployment benefits and 238 more days 
on other social security benefits as compared to having been allocated into the 
shorter re-training programs instead. The differences in the number of days with 
social security and unemployment benefits were significant at the one percent level. 
In addition, two-year re-training participants had a 3.4% reduced risk for a pension 
due to a reduced earnings capacity. The estimate was, however, not signficant at the 
five percent level.  
Table 19: Potential outcome means with one-year re-training among treated 
individuals with a two-year re-training and average treatment effects on the 
treated 
 Potential-outcome 
mean with one-year 
re-training (SE.) 
Average treatment 
effect on the treated 
(95% CI.) 
Income (in nominal €) 
  2yr re-training participants €102,650 (€6,001) €11,270 (€-761, €23,300) 
Income (in 2005 €) 
  2yr re-training participants €94,810 (€5,559) €9,833 (€-1309, €20974) 
Employment (in days) 
  2yr re-training participants 1,495 (76) 102 (-51, 254) 
Social Security Benefits (in days) 
  2yr re-training participants 373 (24) 238 (190, 286)*** 
Short-Term Unemployment (in days) 
  2yr re-training participants 127 (11) 41 (18, 65)*** 
Long-Term Unemployment (in days) 
  2yr re-training participants 451 (43) -211 (-296, -125)*** 
Earnings Incapacity Pension (percentage) 
  2yr re-training participants 8.6 (1.7) -3.4 (-6.9, 0.0) 
Notes: Eight-year accumulative results. Long-term UE only from 2006-2010. Inverse 
probability weighted regression adjustment method was used to estimate potential-
outcome means. The potential-outcome means with one-year re-training illustrate the 
average potential outcome that would have occurred among those that participated in two-
year re-training had they participated in one-year re-training measures instead. The 
average treatment effect on the treated measures the difference in means between the 
actual outcome with two-year re-training and the potential outcome with one-year re-
training. Final values were rounded to the nearest whole number (to the nearest tenth for 
percentage). ***P < 0.001 **P < 0.01 *P <0.05 
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The graph of yearly income differentials (Figure 7) illustrates the development of the 
relative earnings difference over time, revealing that, after a lock-in period, the 
relative income of two-year participants was significantly higher in comparison to 
having participated in a one-year re-training, instead. In the first two years after 
program admission the earnings differential was negative, due to longer program 
participation. In the fourth year after program start, the two-year participants were 
significantly better off compared to the counterfactual scenario of having been 
allocated a one-year measure. This positive earnings effect persisted until the last 
year of the observation period, i.e. the year 2013.  
 
Figure 7 Graphical Analysis of real income development 2006-2013 in comparison 
to the one-year re-training scenario; average treatment effect on the treated; 
annual estimates; vertical lines illustrate 95% confidence interval.  
Table 20 shows the employment effects associated with participation in one-year re-
training in comparison to the counterfactual scenario of participation in the longer, 
two-year, re-training (among those that received a one-year re-training). With a two-
year re-training, one-year program participants would have potentially earned 
€96,406 over the eight-year observation period. With a one-year re-training, the 
participants had, on average, earned €-3,557 less. The corresponding ATET with 
regards to inflation-adjusted incomes was equal to €-2,856. According to the model 
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estimates, one-year program participants had worked an additional 8 days 
compared to having been allocated a two-year re-training. Neither the effect on 
income nor the effect on employment were statistically significant at the five percent 
level. With regards to social-security and welfare benefit receipt, participants of one-
year programs had 164 more days on long-term unemployment benefits but 19 days 
fewer on short-term unemployment benefits and 264 fewer days on other social 
security benefits compared to having been allocated into the longer re-training 
programs instead. The estimated differences in the number of days with social 
security and long-term unemployment benefits were significant at the one percent 
level. The effect on days with short-term unemployment benefits was not 
statistically significant at the five percent level. The small increase in the likelihood 
to receive an earnings capacity pension, of 0.9%, was also not significant.  
Table 20: Potential outcome means with two-year re-training among treated 
individuals with a one-year re-training and average treatment effects on the 
treated 
 Potential-outcome 
mean with two-year 
re-training (SE.) 
Average treatment effect 
on the treated (95% CI.) 
Income (in nominal €) 
  1yr re-training participants €96,406 (€3,025) €-3,557 (€-12,630, €5,516) 
Income (in 2005 €) 
  1yr re-training participants €88,601 (€2,795) €-2,856 (€-11,260, €5,548) 
Employment (in days) 
  1yr re-training participants 1,465 (33) 8 (-111, 127) 
Social Security Benefits (in days) 
  1yr re-training participants 590 (11) -264 (-302, -226)*** 
Short-Term Unemployment (in days) 
  1yr re-training participants 159 (7) -19 (-43, 5) 
Long-Term Unemployment (in days) 
  1yr re-training participants 323 (19) 164 (93, 235)*** 
Earnings Incapacity Pension (percentage) 
  1yr re-training participants 6.3 (1.0) 0.9 (-2.4, 4.2) 
Notes: Eight-year accumulative results. Inverse probability weighted regression 
adjustment method was used to estimate potential-outcome means. The potential-outcome 
means with two-year re-training illustrate the average potential outcome that would have 
occurred among those that participated in one-year re-training had they participated in 
two-year re-training measures instead. The average treatment effect on the treated 
measures the difference in means between the actual outcome with one-year re-training 
and the potential outcome with two-year re-training. Final values were rounded to the 
nearest whole number (to the nearest tenth for percentage). ***P < 0.001 **P < 0.01 *P <0.05 
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4.4 Discussion 
This chapter has provided an econometric evaluation of competing vocational 
training strategies for people with a disability. The main research goal was to 
examine the extent to which one- and two-year re-training exhibit similar 
employment effects. The measured outcomes included changes in earnings, days 
with employment, days on unemployment and other social-security benefits and the 
likelihood of receiving a pension due to a reduced earnings capacity. 
In the descriptive statistics section, it has been shown that the sampled participants 
of one-year training measures were older, more often unemployed at program 
admission and disproportionally more often lived under unfavorable labor market 
conditions compared to other re-training participants. However, there was also 
substantial overlap with regards to many of the measured covariates, which was a 
key prerequisite in order to perform the impact analysis. Inverse probability 
weighted regression adjustment was used to balance the covariates across 
comparison groups in order to establish comparability. Subsequently, earnings 
differentials between participants of full re-training programs and partial re-training 
programs were estimated. 
By prolonging the follow-up in comparison to previous research, the more involved, 
two-year re-training programs were found to be more effective regarding long-term 
work participation outcomes as one-year vocational re-training programs. Although 
two-year re-training measures require an additional year of education, the average 
treatment effect over the first eight years after program admission was positive; i.e. 
participation in two-year re-training was associated with more income compared to 
participation in one-year re-training only, despite an additional year of program 
duration.  
Over the first eight years after program admission, the average treatment effect of 
two-year re-training compared to one-year re-training, for the whole study 
population, equaled €10,126, 95% CI [€-1,327, €21,578]. Furthermore, participation in 
two-year re-training was associated with more days in employment, fewer days on 
long-term unemployment benefits and a reduced risk for an earnings incapacity 
pension. On the other hand, participation in one-year re-training was associated 
with significantly fewer days on social security benefits and on short-term 
unemployment benefits.  
Since not all individuals can be considered eligible for the longer duration measures, 
separate analyses of the ATET for the comparison groups were carried out. The sub-
group analysis showed, to which extent the two-year participants benefitted from 
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actual program participation in the longer type programs and to which extent the 
one-year group would have benefitted from the longer duration programs.   
The first result of the sub-group analysis was, that, over the eight-year observation 
period, participation in a two-year vocational re-training program was associated 
with an €11,270 higher income, 95% CI [€-761, €23,300], compared to the income 
achieved after hypothetically having been allocated into a one-year re-training 
program instead. The increase in income was a consequence of more accumulative 
days in employment after eight years despite longer program duration and higher 
dropout rates. The duration of transfer payments, on the other hand, was 
characterized by shifts, i.e. being allocated a two-year re-training was linked to fewer 
days with long-term unemployment benefits but more days with short-term 
unemployment benefits and more days with other social security benefits. 
Participants of two-year programs had 211 fewer days with long term 
unemployment benefits, 95% CI [-296 days, -125 days], but 41 additional days with 
short term unemployment benefits, 95% CI [18 days, 65 days], and 238 additional 
days with other social security benefits, 95% CI [190 days, 286 days]. Whereas the 
increase in days with other social security-benefits was mainly due to the longer 
program duration, the shift in benefit recipience may have been advantageous, as 
long-term unemployment seems to have been reduced substantially. In addition, 
two-year re-training participants had a 3.4% reduced risk for a pension due to a 
reduced earnings capacity, 95% CI [-6.9%, 0.0%]. The estimate was, however, not 
signficant at the five percent level 
The second result of the sub-group analysis was, that, over the eight-year 
observation period, participation in a one-year vocational re-training program was 
associated with a €-3,557 lower income compared to the income achieved after 
hypothetically having been allocated into a two-year re-training program instead,  
95% CI [€-12,630, €5,516]. Neither the effect on income nor the effect on employment 
days were statistically significant at the five percent level. In fact, the standard error 
of the estimate of employment days was substantial indicating that the employment 
effects were very heterogeneous. With regards social-security and welfare benefit 
receipt, participants of one-year programs had 164 more days on long-term 
unemployment benefits, 95% CI [93 days, 235 days], but 19 fewer days on short-term 
unemployment benefits, 95% CI [-43 days, 5 days], and 264 fewer days on other 
social security benefits, 95% CI [-302 days, -226 days]. This was in comparison to 
having been allocated into the longer re-training programs instead. The estimated 
differences in the number of days with social security and long-term unemployment 
benefits were significant at the one percent level. The effect on days with short-term 
unemployment benefits was not statistically significant at the five percent level. 
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Moreover, the small increase in the likelihood to receive an earnings capacity 
pension, of 0.9%, was also not significant, 95% CI [-2.4%, 4.2%]. 
The results indicate, that program allocation was to some extent effective. The ATET 
of two-year program participants was larger compared than both the ATE and the 
ATET of one-year program participants (the latter reflects how much lower the 
income of the one-year participants was compared to having participated in a two-
year program instead). Based on the calculations, the average participant that was 
allocated into two-year re-training benefited more from the measures, than the 
average participant that was allocated a one-year re-training would have had. While 
the retrieved estimates are based on averages, further explorative analysis is needed 
to examine the conditions under which participants of one-year programs could 
profit from increased duration of re-training. The response to treatment seems to be 
heterogeneous and dependent on the individual situation and preferences of the 
rehabilitants.  
Improving the understanding of the conditions under which allocation into a more 
involved program could lead to better outcomes requires more information on the 
complex relationship between the applicant and the provider in the application and 
screening process. There might be more specific reasons, why one-year participants 
were allocated the reduced-duration re-training, some of which cannot be accounted 
for in this study. Program participation depends both on rehabilitant eligibility and 
on the selection by the person in charge or self-selection by potential participants. 
Thus, it would be relevant to further explore the perspective of the individual before 
and during the period of rehabilitation as well as the role of the provider in 
programmatic decision making. 
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5. The return on vocational re-training: cost-
effectiveness from the perspective of social security  
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5.1 Introduction 
Chapter 3 showed that completing a vocational re-training was associated with 
improvements in income and reductions in the dependency on social security 
benefits for the participating individuals. Moreover, Chapter 4 showed that, from 
the individual perspective, the additional year of education, on average, already 
pays off within the eight-year observation period. In this chapter, the social security 
perspective is taken to evaluate how long it takes for investments into re-training to 
break-even and how large the long-term financial returns are.  
While legal and social obligations can largely explain expenditures directed at 
rehabilitation and reintegration, supporting people in the work reintegration 
process can also be viewed as an economic decision: Assisting workers in the work 
reintegration process minimizes the negative impact of disabling injuries and 
diseases on the overall level of production and, consequently, on social security 
contribution and tax collection. Moreover, reintegrating a worker back into 
meaningful work prevents the payment of long-term disability pensions and 
reduces the payment of unemployment and sickness benefits.  
Although rehabilitation and reintegration measures are economically important 
investments, debates about the high costs of such measures often dominate public 
discussions. A common feature of the costs of work disabilities is that they accrue 
over a long period of time and among various stakeholders. The difficulties 
associated with evaluating what the real gains of investing in return-to-work and 
work reintegration programs lead to individual stakeholders tending to underinvest 
in workplace reintegration measures, focusing instead on the individual 
perspective. To assess whether vocational re-training is a worthwhile investment, 
also from a financial perspective, it is necessary to itemize the services and their 
resulting costs. 
To date, there have been few systematic cost-benefit analyses that evaluate the cost-
effectiveness of vocational re-training programs from a provider perspective. Such 
cost-benefit analyses require - in addition to estimates of the impact - information on 
the specific cost of programs and on the social security system, such as contribution 
and tax rates or the benefit level of transfer systems. 
Not all variables that may be relevant for performance measurement or for 
calculating an indicator can be collected directly from the routinely generated 
datasets. Due to the fragmented social security system in Germany with multiple 
stakeholders, not all data relevant for such a calculation can be accessed through the 
pension insurance fund research data center. Problems exist, for example, in the 
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availability of direct cost data such as the direct program and training costs since the 
providers of rehabilitation and the implementing organization are not the same. 
Some authors of German impact analyses in vocational re-training have tried to 
perform a cost-benefit analysis or an investigation of the program costs. For instance, 
in a recent evaluation, Neumann & Lenske (2010) examined the costs and benefits of 
vocational rehabilitation for young people with disabilities. The authors conclude 
that, medium to long term, investment in vocational training for young people with 
a disability pays off.  
In this chapter, the potential economic effects of vocational re-training on public 
budgets are compared to their costs. The primary objective of this chapter is to 
investigate the long-term economic impact of vocational re-training on social 
security providers’ balance sheets. While considering consumed resources and 
economic variables such as inflation, the costs and benefits of one-year and two-year 
vocational rehabilitation programs to social security are calculated. In addition, the 
question of one-year or two-year re-training is re-evaluated from the social security 
perspective 
The remainder of this chapter is structured as follows: In the next section, the 
methods are presented, with a description of the study design, the method of 
extrapolating benefits and the method of monetarization of indirect benefits. 
Moreover, a summary of the outcome measures used is given. In the results section, 
costs and benefits of re-training are evaluated separately before the cost-
effectiveness for social security systems is assessed. The evaluation includes a 
sensitivity analysis that also introduces a social discount rate and evaluates the effect 
of using alternative forecasting models. The results section is concluded by an 
analysis of the incremental effects of the two-year re-training. In the final section of 
this chapter, the implications and shortcomings of the findings are discussed before 
conclusions are drawn. 
5.2 Methods 
5.2.1 Study design and population 
To investigate whether vocational re-training was cost-effective from the social 
security perspective, an analysis of the secondary effects of the measures was 
conducted. This analysis included comparing the financial returns to the social 
security system with the program costs. The chosen timeframe for the analysis of 
program returns to social security reflects the average number of years that the 
average rehabilitant was away from retirement (~25 years). The benefits of re-
training to the social security system were examined based on the results of the 
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quasi-experiments in chapters 3 and 4. Costs were evaluated based on a combination 
of information retrieved from the primary data used throughout this thesis and 
information from secondary literature.  
5.2.2 Calculation of benefits to social security 
Extrapolation of direct benefits 
In this section, predictions about the development of income and social security 
benefit receipt in the years after the end of the observation period are presented in 
order to assess the long-term financial returns to the programs. Predicting 
population outcomes for groups of the same family is less of a challenge than it is 
for an isolated case. This difference arises because the behavior of the aggregate data 
by pooling the variances of the population-related factors (which are generally 
common and well-known) can have stable properties, even if the individuals inside 
have a high degree of randomness. It is, therefore, easier to achieve a higher degree 
of accuracy in predicting certain employment outcomes when using pooled 
population data compared to using data for specific individuals. 
In this study, a four-year weighted moving average was employed to model the 
long-term developments of earnings and days with unemployment benefits. The 
dynamic four-year weighted moving average took the following general form: 
yt = 0.1*yt-4+ 0.2*yt-3 + 0.3*yt-2 + 0.4*yt-1 
First, annual treatment effects were estimated for all outcomes. In a next step, using 
the dynamic specification above, the average treatment effects were extrapolated 
until the year 203024 to provide an estimate of the employment effects of vocational 
re-training measures over the entire working life. Consequently, accumulative 
effects for the average program graduate, or participant, were calculated. Table 21 
shows the real income differences used in the extrapolation process. Since only the 
last four years observed were used to predict the future development, the 
extrapolation results were independent of the initial lock-in and transitional period. 
Table 21: Annual income difference 2006-2013  
 2006 2007 2008 2009 2010 2011 2012 2013 
1vs0 €3,275 €4,347 €3,508 €2,756 €2,435 €1,677 €2,083 €2,661 
2vs0 €-271   €2,263   €5,841   €5,494   €5,114  €4,528  €4,759  €5,369  
Notes: Average treatment effect on the treated on annual basis; cf. figure 4 in 
chapter three.  
 
24  The likelihood of receiving a pension due to a reduced earnings capacity was not 
extrapolated; instead it was assumed that, once awarded, the recipient stays on benefits until 
retirement. 
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Figure 8 shows the effect of extrapolation by a dynamic four-year weighted moving 
average on long-term income. The series became stationary after a few years; the 
development of earnings entered a relatively constant trend, which was then further 
extrapolated into the future (excluding the initial phase of volatility).  
 
Figure 8 Extrapolation of real wage gains 2013-2030, method of extrapolation: 
four-year weighted moving average 
Monetarization of secondary effects for social security 
Economic benefits can be measured and assessed in different ways. For example, in 
a cost-effectiveness analysis, consequences are valued in natural units such as 
prevented employment losses, or the number of sick days saved. In contrast, in a 
cost-benefit analysis, the concept of value is broadened in order to express the 
benefits also in monetary terms. Cost-Benefit analysis requires translating the 
natural units into a monetary value that can be compared with the costs 
(Drummond, Sculpher, Claxton, Stoddart, & Torrance, 2015). 
The previous section showed the direct effects that can be anticipated from 
successful re-training and how the effects were extrapolated out of a sample, based 
on estimated differences. To assess the cost-effectiveness of the measures, the direct 
benefits, such as the prevented number of days with unemployment, still need to be 
monetarized so that the benefits can be directly compared to the costs of providing 
the program.  
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Figure 9 illustrates the different direct and indirect outcomes considered. By 
preventing permanent employment loss 25  and temporary unemployment, social 
security systems benefitted from reduced compensation expenditure. Additionally, 
increased wages mean that taxes and welfare contributions rose. Here, all changes 
were evaluated in 2005 real Euros (inflation-adjusted).  
 
Figure 9 Benefits of re-training to the social security system 
Table 22 lists the factors used in calculating the indirect benefits effects resulting 
from increased income and a reduced number of days on social security benefits. 
Additional contributions were calculated by multiplying the contribution rate for 
Germany, which, taken together, equaled 40.75% with the accumulative gain in real 
wages.  
Additional tax revenue was calculated by factoring in a tax factor, which by 
assumption equaled 5% in the baseline scenario. The size of the assumed tax rate 
was based on a careful evaluation of the tax schedule in Germany. The income tax 
 
25 In the estimation, the reduced risk of receiving a disability pension was not considered to 
come into effect immediately. Instead annual estimates were retrieved and used in the 
calculation of the reduced earnings incapacity pay .  
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in Germany is progressive: first, income tax rates start at 14%, then they rise 
incrementally to 42%. However, the first €9,168 (or €18,336 for married couples 
submitting a combined return) earned each year are tax free and a considerable 
number of taxpayer’s costs can be deducted from income when computing taxable 
income (§32a EStG26). Given the rather low average income of the rehabilitants (cf. 
table 12&13), a conservative income tax rate was chosen in order to not overestimate 
the effect on income taxes.  
Moreover, unemployment (UE) benefits reduction was estimated by multiplying the 
respective reduction in days on unemployment and welfare benefits with the 
respective benefit levels. According to the Statistical Office of the Federal 
Employment Agency, the level of short-term UE benefits paid in 2005 was, on 
average, €770 while the level of long-term UE benefits was €621. The level of other 
welfare benefits for that year cannot accurately be measured since it combines 
various welfare payments such as workers’ compensation, sick pay, transitional 
payments, etc. To, nevertheless, be able to perform the calculation, the level of the 
other social security benefits was set equal to that of short-term UE benefits, €770. 
Taken together, these estimates provided the basis for calculating the benefits for 
social security providers. 
Table 22: Factors used to monetarize the benefits of vocational re-training 
Factor Value Source 
Benefits   
Social security 
contribution rate 
40.75% International Social Security 
Association (2014) 
Effective income tax 
rate 
5.00% Assumed, 0%/10% sensitivity 
Average Pension size  €606 per month Primary data (was in dataset) 
Short-term UE  €770 per month Bundesagentur für Arbeit 
(2006, p. 76) 
Long-term UE  €621 per month Bundesagentur für Arbeit 
(2006, p. 78) 
Other welfare benefits €770 per month Assumed, combines various 
payments  
5.2.3 Cost of providing rehabilitation for social security 
Figure 10 illustrates the different costs of re-training considered in this analysis.  
Three main cost drivers were considered in this analysis that determine the size of 
 
26 German Income Tax Act 
108 
 
the investment made by the social security system. These were the training costs, 
income replacement benefits provided and, in some circumstances, housing benefits 
for residence in a boarding school.  
 
Figure 10 Costs of re-training to the social security system 
Table 23 lists the factors used in calculating the costs of re-training. According to 
information from the German Statutory Pension Insurance Fund, direct costs of re-
training are equal to about €1,500 per month. If a residential placement is required, 
additional expenses of €500 per month apply (Kardorff & Ohlbrecht, 2013). 
Additionally, to cover the basic costs of living, an income replacement benefit 
(subsistence allowance) is paid to the rehabilitants. These values were recorded in 
the dataset at hand. The average income replacement benefit paid during the period 
of rehabilitation was equal to €8,933 for one-year program graduates and €22,192 for 
two-year program graduates.  
Table 23: Factors used to monetarize the costs of vocational re-training 
Factor Value Source 
Costs   
Training Costs €1,500 per month Kardorff & Ohlbrecht (2013) 
Housing Costs €500 per month Kardorff & Ohlbrecht (2013) 
Income Replacement  1yr grad: €8,933  
2yr grad: €22,192  
Primary data (in dataset) 
Primary data (in dataset) 
Costs of re-training
Duration of re-
training
Training costs
Prior earnings level
Income replacement 
benefit
Percentage in 
boarding school 
Housing costs
109 
 
5.2.4 Cost-effectiveness outcome metrics 
The following section summarizes the outcomes used to evaluate the cost-
effectiveness of the re-training programs. 
Break-even analysis 
The breakeven point (in years) is the point where the financial benefits and costs of 
re-training are the same. After the breakeven point is exceeded, the social security 
system incurs a profit; i.e. the net present value (PV) becomes positive. Since the 
measure is independent of the extrapolation period chosen, it is the primary 
outcome metric in this analysis.  
h." /"i"1 >-013: ek h"1"l035 = ek D-535 
Net present Value (NPV) 
The net present value (NPV) is used to compare the cash flows occurring at different 
times resulting from re-training. The present value of cash flow depends on the time 
interval up to the cash flow and on the chosen discount rate. The present value, thus, 
considers the time value of the money. Since, in the baseline scenario, inflation is 
already accounted for by using real values only, the net present value equals the 
accumulative sum of the estimated outcomes for the years 2006-2030. In the 
sensitivity analysis, the effect of introducing a social discount rate is analyzed. With 
discounting, the net present value is calculated as follows:  
mek: n h"1"l035_(1 + 0)_ − C1030 o C1i"53p"13
q
_r
 
Return On Investment (ROI) 
The return on investment (ROI) is the ratio between the net profits and the costs that 
result from the investment into the re-training program. A high ROI, i.e. above 1, 
means that the investment has a positive overall financial impact. As a measure of 
performance, the ROI is used to assess the efficiency of an investment or to compare 
the efficiency of several different investments.  
ROI = PV Benefits PV Costs  
Internal Rate of Return (IRR) 
The IRR is the discount rate that sets the net present value of all cash flows from a 
given project equal to zero. In this study, since all costs and benefits are already 
measured in real terms, the factor can be interpreted as the rate at which future 
benefits would have to been discounted, above current interest rates, for the 
programs to no longer be cost-effective; i.e. the net present value becomes negative.  
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5.3 Results  
In this section, the effects on taxes, contributions and compensation payments are 
compared to the cost of the interventions. Before the final outcomes are presented, 
the different costs and benefits of the re-training programs, as calculated, are 
examined individually.  
5.3.1 Benefits of one-and two-year re-training for social security 
Table 24 shows the results of the extrapolation process. These results can be 
considered the predicted overall direct effect of the programs over the rehabilitants’ 
working lives. According to the model estimation, accumulative wage effects over 
the entire period (including the extrapolation/forecast period) were equal to €62,245 
and €118,826, for one- and two-year programs, respectively.  
With regards to benefit receipt, one-year program graduates were predicted to have, 
141 fewer days on short-term UE benefits, 90 fewer days on long-term UE benefits 
and 539 fewer days on other social security benefits. Two-year program graduates 
were predicted to have 105 fewer days on short-term UE benefits, 710 fewer days on 
long-term UE benefits and 378 fewer days on other social security benefits.  
While income and days with unemployment and other social security benefits were 
forecasted according to the four-year weighted moving average model, the effect on 
the earnings incapacity pension uptake was held fixed after the eight-year 
observation period, i.e. in the model, a constant effect corresponding to the recipient 
level in the last observed year was assumed.  
Table 24: Measured and extrapolated effects resulting from program completion 
(method of extrapolation: last four-years weighted moving average) 
 2006-2013 2006-2030 (with forecast) 
Variable 1yr 2yr 1yr 2yr 
Additional wages €22,742 € 33,097 €62,245 € 118,826 
Reduction short-term UE -26 days -24 days -141 days -105 days 
Reduction long-term UE +6 days -225 days -90 days - 710 days 
Reduction social security  -316 days -150 days -539 days -378 days 
Earnings incapacity  -3.1% -6.0% -3.1% -6.0% 
Notes: Long-term UE measurement only from 2006-2010, ’11-13 was extrapolated. For the 
two-year intervention group, the 2006 Social Security estimate was disregarded to prevent 
double-counting of the income replacement benefit provided (income replacement benefit 
was part of the direct costs as measured). The effect on earnings incapacity was held fixed.  
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Table 25 provides an overview of the financial benefits to social security. These 
comprise additional social security contributions and taxes collected, prevented pay 
of (short- and long-term) unemployment and other welfare benefits, as well as 
prevented disability pension payments. The benefits were estimated by comparing 
them to the counterfactual scenario of non-completion of the measures. This study 
takes a holistic approach without segregation into the different social security 
branches: pension, health, unemployment and care insurance. 
According to our estimates, the largest benefits to social security were additional 
contributions collected, which were the result of the program graduates’ increased 
incomes. For one-year re-training graduates, long-term contribution collection rose 
by €25,365 per individual that successfully completed a program; for two-year 
vocational re-training by €48,422. Income taxes to the federal government rose by 
€3,112 and €5,941, respectively. Additionally, by preventing UE, expenditure from 
compensation payments was additionally prevented. Short-term UE savings were 
equal to €3,574 (one-year) and €2,661 (two-year). The long-term UE benefit savings 
were €1,844 (one-year) and €14,488 (two-year). Savings due to fewer days on social 
security benefits totaled €13,648 for one-year programs and €9,566 for two-year 
programs, on average. Additionally, due to fewer cases of earnings incapacity 
pension in comparison to the controls, the average value paid out was reduced by 
€4,587 and €8,882, for one-year and two-year programs, respectively. These numbers 
reflect the average gain linked to successful rehabilitation per individual. The value 
of a single case of prevented disability pension was, of course, much higher.  
The overall costs to social-security, thus, accumulated to €52,129 for one-year re-
training and €89,959 for two-year re-training.  
Table 25: Benefits to social security for average program completer (2006-2030) 
Benefits to Social Security  1yr re-training 2yr re-training 
Additional contributions €25,365 €48,422 
Additional taxes €3,112  €5,941 
Short-term UE €3,574  €2,661  
Long-term UE €1,844  €14,488 
Social security benefits €13,648  €9,566 
Reduced earnings incapacity pension €4,587 €8,882 
Overall €52,129 €89,959 
Notes: Ctr.=40,75%, tax = 5%, daily short-term UE benefit = €25.32 (€770 per month), daily 
long-term UE benefit = €20.42 (€621 per month), daily social security benefit = €25.32 (€770 
per month), yearly pension= €7,724 (€606 per month)  
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5.3.2 Costs of one-and two-year re-training for social security 
To determine whether the benefits from rehabilitation were cost-effective, 
information on expenditure is needed to put the costs and benefits into perspective. 
There are three main cost drivers that determine the size of the investment made by 
the social security system:  training costs, income replacement benefits and, in some 
circumstances, housing benefits for residence in a boarding school. 
Since these costs directly depend on program duration, the average program 
duration among the two treatment groups was evaluated. Table 26 shows that 
partial re-training, on average, took 9.72 months while full re-training was usually 
completed after 21.19 months. The average length of training was retrieved from the 
dataset at hand. Without a direct measurement, the size of the treatment costs was 
based on information from the pension insurance published in secondary literature 
and linked with the actual measurement on the program duration.  
Table 26: Program duration of one-year and two-year re-training 
 1yr re-training  2yr re-training  
Duration (in months) 9.72  21.19  
Since not all rehabilitants require housing, actual usage statistics were retrieved 
from the dataset used throughout this thesis. Table 27 presents the distribution of 
housing provisions among treatment groups. Among one-year re-training 
graduates, 9.35% were provided with housing in a boarding school during program 
participation while, among two-year re-training graduates, 25.60% were provided 
with a permanent placement in a boarding school.  
Table 27: Type of housing provided during rehabilitation 
Housing provision 1yr re-training 2yr re-training Total 
Boarding School 26 (9.35%) 449 (25.60%) 475 (23.38%) 
None  252 (90.65%) 1,305 (74.40%) 1,557 (76.62%) 
Total  278 (100%) 1,754 (100%) 2,032 (100%) 
Table 28 provides a summary of the three costs linked to the provision of vocational 
re-training accruing to the social security provider. For the average duration of 9.72 
and 21.19 months, treatment costs (1,500€ per month) of €14,583 and €31,791 applied, 
respectively. To cover the basic costs of living, an income replacement benefit 
(subsistence allowance) is usually paid to the rehabilitants. On average, the income 
replacement benefit paid equaled, €8,933 for a one-year re-training and €22,192 for a 
two-year re-training. Additionally, the average costs of boarding per rehabilitant 
(€500 per month) accumulated to €4,861 and €10,597, respectively. However, the 
housing costs in fact only applied to 9.35% of all one-year graduates and 25.60% of 
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two-year graduates, in the sample that was evaluated. Accordingly, housing costs 
per average rehabilitant were included in the final estimate. They equaled €454 and 
€2,713, for one- and two-year programs, respectively.  
The overall costs of providing vocational re-training, with a proportionate share of 
people receiving housing benefits, thus, equaled €23,971 for one-year of training, 
and €56,695 for two-year programs.  
Table 28: Average costs to social security for re-training measure provided, per 
program completer 
 1yr re-training 2yr re-training 
Treatment costs (€1,500 per month) €14,583 €31,791 
Income replacement benefit €8,933 €22,192 
(Housing, per case)  €4,861 €10,597 
(Housing, per average rehabilitant) €454 €2,713 
Total without housing €23,516 €53,983 
Total with housing €28,394 €64,580 
Total, per average rehabilitant €23,971 €56,695 
5.3.3 Cost-effectiveness of one-year and two-year re-training for social 
security 
After all benefit types have been monetarized, the outcomes were compared with 
the initial investment. First, the results without (additional) social discounting are 
presented as they represent the financial returns to the investment made in the year 
2005 (the results were adjusted for inflation). 
Table 29 shows that, from the social security perspective, the re-training programs 
generally pay off. However, the benefits outweighed the costs only after a 
substantial payback period. On average, investments into one-year re-training 
measures broke even after 11 years, while investments into two-year measures broke 
even after 17 years. The calculated social discount rate that set the present value of 
the benefits equal to the costs equaled 8.16% for one-year re-training programs and 
3.68% for the two-year re-training programs.  
The total net present value after 25 years was equal to €28,159 for one-year re-
training, whereas for two-year re-training, the returns were €33,264 larger in 
comparison with program costs.  
The corresponding ROI ratios (benefits over costs) equaled 2.17 and 1.59, for one-
year and two-year re-training, respectively. This means that, for every euro invested 
into one-year re-training, the public receives an average return of €2.17 in the form 
114 
 
of additional taxes and contribution generated and compensation pay prevented, in 
the long run. For every euro spent on two-year re-training, the public receives an 
average return of €1.59.  
Table 29: Overview of cost-benefits for the average program completer 2006-2030 
 1yr re-training 2yr re-training 
PV Benefits Program Completer  €52,129 €89,959 
PV Costs Program Completer €23,971 €56,695 
NPV Program Completer €28,159 €33,264 
ROI  2.17 1.59 
Internal Rate of Return 8.16% 3.68% 
Break-Even Point 2016 
(11 years) 
2022  
(17 years) 
Notes: The general approach taken in this analysis of the ROI was that costs-benefit 
relationships were considered per successful rehabilitation case. Thereby, it was assumed 
that, in the counterfactual scenario of non-graduation, no intervention or income 
replacement costs were paid. This assumption provides the basis for constructing cost-
benefit relationships for the average successful rehabilitation case in comparison to the 
alternative scenario of no treatment. 
Sensitivity analysis 
In this section, the effect of changed input factors on the estimated cost-benefit 
relationships is tested. This sensitivity analysis includes introducing a social 
discount rate to evaluate the effects on social security considering intertemporal time 
preferences, changing the forecasting model to naïve and autoregressive integrated 
moving average (ARIMA) and altering the assumed income tax rate due to it being 
the only assumed (freely chosen) variable in the calculation. Alternations in the cost 
of the social discount rate, the effective income tax rate and the forecasting model 
used were evaluated with regards to the final cost-effectiveness metrics, Break Even, 
NPV, ROI, and IRR.  
The effect of social discounting 
The different benefits to social security, despite already being formulated in real 
terms, can be compared in terms of the net value to society using a social discount 
factor. Following the advice of Drummond et al. (2015) interest rates of 2% and 5% 
were chosen to facilitate comparison with other studies. In Table 30, the effect of a 
social discount rate on the accumulative wage effect over the 25-year period is 
shown. With a two percent social discount factor, the income gain of one-year 
program completers was reduced from €62.245 to €49.354. With five percent social 
discounting, the wage gain was further reduced to €36.515. For two-year program 
completers, a two percent social discount factor reduced the accumulative wage 
115 
 
effect from €118,826 to €91,371. With five percent discounting, the wage gain of two-
year completers was further reduced to €64,228.  
Table 30: Effect of social discounting on accumulative income forecast 2006-2030 
 No social 
discounting 
r = 1.02 r = 1.05 
1yr real income gain €62.245  €49.354 €36.515 
2yr real income gain €118,826  €91,371 €64,228 
Table 31 shows the results of social discounting on final outcomes.  As with wages, 
the attained final effects in compensation payments and disability payments have 
also been discounted using the specified social discount rate.  
Compared to the zero social discount rate scenario (intertemporal indifference), with 
two percent discounting, the payback period of one-year programs was increased 
by one additional year while the payback period of two-year programs was 
increased by three years. The net present value and ROI ratios, assessed over the 25-
year period, were somewhat smaller than the baseline scenario. However, the 
programs were still cost-effective: with a two percent social discount factor. The net 
present value of one-year programs, over the 25-year period, decreased from €28,159 
to €17,558 while the ROI was reduced from 2.17 to 1.73. The corresponding net 
present value of the two-year programs was reduced from €33,264 to €12,669 while 
the ROI was reduced from 1.59 to 1.22.  
With an assumed social discount rate of five percent, the payback period of one-year 
re-training programs increased by five additional years while the two-year 
programs were estimated to not be cost-effective within the specified period of 
analysis. The net present value of one-year programs over the 25-year period, with 
a five percent social discount rate, was equal to only €6,991 while the ROI was 
reduced further to 1.29. The corresponding net present value of two-year programs 
was equal to €-7,689 while the ROI was reduced to 0.86. 
Table 31: Sensitivity analysis: Social discount factor 
Social Discount 
Factor 
1.00 (baseline) 1.02 1.05 
Group  1yr 2yr 1yr 2yr 1yr 2yr 
Break-even  2016 2022 2017 2025 2021 >2030 
NPV  €28,159 €33,264 €17,558 €12,669 €6,991 €-7,689 
ROI  2.17 1.59 1.73 1.22 1.29 0,86 
IRR  8.16% 3.68% - - - - 
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The effect of different forecasting models 
In this section, the extrapolation was re-estimated using two different forecasting 
models. First, the results attained under a four-year moving average were compared 
to naïve estimates. In a naïve estimate, the last recorded value, i.e. the outcome from 
2013 was held constant over the entire extrapolation period. Second, a first-order 
autoregressive time series model was used to extrapolate outcomes with a more 
dynamic process.  
Table 32 shows that the four-year weighted moving average is the most conservative 
forecasting model of the three alternatives tested. Under a naïve estimate, the break-
even amount of years was reduced by one year for each program. The net present 
value of one-year programs increased from €28,159 to €35,113, while the ROI jumped 
from 2.17 to 2.46. The estimated IRR increased from 8.16% to 9.26%.  
As a result of a naïve estimate, the net present value of two-year programs increased 
from €33,264 to €38,505 while the ROI increased from 1.59 to 1.68. The corresponding 
IRR of the 25-year period increased from 3.68% to 4.12%.  
With a first-order autoregressive extrapolation process, the number of years needed 
for the one- and two-year programs to break even was reduced to 10 years and 16 
years, respectively. The net present value of one-year programs increased from 
€28,159 to €36,599 while the ROI increased from 2.17 to 2.53. The estimated IRR 
increased from 8.16% to 9.46%.  
The net present value of two-year programs increased from €33,264 to €41,650 while 
the ROI increased from 1.59 to 1.73. The corresponding IRR of the 25-year period 
increased from 3.68% to 4.36%. 
Table 32: Sensitivity analysis: Forecasting model 
Forecast 
Model 
 (baseline)  Naïve  ARIMA 1.1.0 
Group  1yr 2yr  1yr 2yr  1y 2yr 
Break-even 2016 2022  2015 2021  2015 2021 
NPV €28,159 €33,264  €35,113 €38,505  €36,599 €41,650 
ROI 2.17 1.59  2.46 1.68  2.53 1.73 
IRR  8.16% 3.68%  9.26% 4.12%  9.46% 4.36% 
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The effect of different assumed income tax rates 
In this last sensitivity analysis, the only freely chosen factor, the effective income tax 
rate, was varied. This analysis was undertaken to test the influence of the income tax 
factor on final outcomes. In the calculation, the assumed five percent tax rate was 
first reduced to zero taxes before the outcomes under ten percent tax rate were 
estimated. According to the calculation, changing the assumed tax rate only 
marginally altered results as income taxes only accounted for a small share of the 
overall benefits to the social security system.  
Table 33 shows that, without the income tax factor, both types of programs were 
estimated to need an additional year to break even. For one-year programs, the 
payback period was increased to 12 years while, for two-year programs, the payback 
period increased to 18 years. The net present value of one-year programs decreased 
from €28,159 to €25,047, while the ROI slides from 2.17 to 2.04. The estimated IRR 
decreased from 8.16% to 7.35%. The net present value of two-year programs was 
decreased from €33,264 to €27,323, while the ROI decreased from 1.59 to 1.48. The 
corresponding IRR of the 25-year period decreased from 3.68% to 3.10%. 
Under a ten percent income tax rate, the number of years needed for the programs 
to break even was reduced to 10 years (one-year re-training) and 16 years (two-year 
re-training). The net present value of one-year programs increased from €28,159 to 
€31,271 while the ROI increased from 2.17 to 2.30. The estimated IRR increased from 
8.16% to 8.94%. The net present value of two-year programs increased from €33,264 
to €39,206 while the ROR increased from 1.59 to 1.69. The corresponding IRR of the 
25-year period increased from 3.68% to 4.25%. 
Table 33: Sensitivity analysis: Income tax rate 
Assumed 
Income Tax Rate 
0.00  0.05 (baseline)  0.10 
Group  1yr 2yr  1yr 2yr  1y 2yr 
Break-even 2017 2023  2016 2022  2015 2021 
NPV €25,047 €27,323  €28,159 €33,264  €31,271 €39,206 
ROI 2.04 1,48  2.17 1.59  2.30 1.69 
IRR  7.35% 3.10%  8.16% 3.68%  8.94% 4.25% 
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5.3.4 Incremental cost-effectiveness of two-year re-training in comparison 
with one-year re-training 
The focus of this section is on the additional costs and benefits of initial allocation 
into a, longer, two-year program to determine after what time the allocation into the, 
more involved programs pays off from a social security perspective. This calculation 
was performed based on the ATET estimates of two-year participant, which have 
been estimated in the sub-group analysis in chapter four (cf. section 4.3.3). However, 
in comparison to the accumulative results retrieved in chapter four, annual results 
effects were first estimated, before the analysis of the economic costs and benefits 
was carried out.  
Additional costs of longer re-training 
Due to including program dropouts, the associated costs of the re-training programs 
now slightly differ compared to the previous analysis. Table 34 shows that the cases 
in which participants were allocated into a partial re-training program on average 
were dismissed after 9.34 months, while participants allocated a full re-training on 
average stayed in the program for 21.21 months27. Given the program duration, the 
average program costs per participant and the incremental costs for the two-year 
program across the three main costs linked to the provision of vocational re-training 
accruing to public systems were calculated: For partial re-training programs, 
training costs were, on average, equal to €14,012 while, for the full re-training 
programs, training costs of  €30,323 applied.  
To cover the basic costs of living, an income replacement benefit (subsistence 
allowance) of €8,599 or €21,120 was paid, over the training period, on average, 
respectively. These values were retrieved from the primary dataset. If a residential 
placement was required, additional expenses of €500 per month accrued. The 
housing costs, in fact, applied to 9.46% of all one-year participants and 25.89% of 
two-year participants, in the sample that was evaluated. This percentage translates 
into an average paid housing benefit of €442 and €2,617 for the average 
rehabilitation, respectively.  
The overall costs of providing vocational re-training with a proportionate share of 
people receiving housing benefits, and considering the possibility of program 
dropouts, equaled €23,052 for one-year of training and €54,059 for two-year 
programs. The incremental costs for a two-year program, per program participant, 
were, thus, equal to €31,008.   
 
27 The difference in average program duration to the previous section is due to the inclusion 
of program dropouts. 
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Table 34: Costs of program participation in one- and two-year re-training and 
additional program costs of two-year re-training, per program participant 
 1yr 
 re-training 
2yr  
re-training 
2yr vs. 1yr  
Program Duration (in months) 9.34 20.21 +10.87 
Accommodation in Boarding School  9.46% 25.89% +16.43% 
Training Costs €14,012 €30,323 + €16,311  
Income Replacement  €8,599 €21,120 + €12,521 
Housing Costs €442 €2,617 + €2,175 
Total per participant €23,052 €54,059 + €31,008 
Additional benefits from longer re-training  
In Table 35, the results of the extrapolation process are presented. These results can 
be considered the predicted overall direct effect of the programs over the 
rehabilitants’ working lives. According to the model estimation, accumulative wage 
effects over the entire period (including the extrapolation/forecast period) were 
equal to €64,442 for two-year programs.  
Over the entire evaluation period, two-year program participants were predicted to 
have 142 additional days on short-term UE benefits, 922 fewer days on long-term 
UE benefits and 75 more days on social security benefits. While income and social 
security benefits were forecasted according to the four-year weighted moving 
average model, the effect on earnings incapacity pension uptake was held fixed after 
the eight-year observation period, i.e. in the model, a constant effect was assumed. 
Table 35: Measured and extrapolated direct effects resulting from program 
participation in longer re-training  
Variable 2006-2013 2006-2030 (with forecast) 
Additional Wages  €9,833 €64,442 
Short-term UE Benefits 41 days 142 days 
Long-term UE Benefits -319 days -922 days 
Social security Benefits 115 days 75 days 
Earnings Incapacity  -3.44% -3.44% 
Notes: Long-term UE measurement only from 2006-2010, ’11-13 was extrapolated. For the 
two-year intervention group, the 2006 social security estimate was disregarded to prevent 
double-counting of the income replacement benefit provided (income replacement benefit 
was part of the direct costs as measured). The effect on earnings incapacity was held 
fixed. Method of extrapolation: 4-year weighted moving average. 
Table 36 provides an overview of the financial benefits to social security of providing 
a two-year instead of a one-year re-training for participants that participated in a 
120 
 
two-year re-training (treatment effect on the treated). These comprised additional 
social security contributions and taxes collected, prevented pay of (short-and long 
term) UE benefits and other welfare benefits, as well as prevented disability pension 
payments. The benefits were estimated in comparison to the counterfactual scenario 
of prior allocation into a one-year program.  
The largest benefits to social security were the prevented long-term UE benefits and 
additional contributions collected, being the result of fewer days on unemployed 
benefits and increased income of two-year program participants. For two-year re-
training participants, long-term contribution collection rose by €26,260;  Income 
taxes to the federal government rose by €3,222.  
Additionally, compensation payments differed between the different programs. 
With two-year re-training short-term UE benefits were € 3,592 higher while long-
term UE benefits were estimated to be lowered by €18,827; payments linked to other 
social security benefits were increased by €1,906. Additionally, €5,074 in pension 
payments were prevented per average participant. Taken together, the overall 
incremental benefits to the social security system equaled €47,886.  
Table 36: Additional benefits to social security two-year vs. one-year re-training, 
per participant, 2006-2030 
Benefits to Social Security  2yr vs. 1yr 
Additional contributions €26,260 
Additional taxes €3,222 
Reduction of short-term UE €-3,592 
Reduction of long-term UE €18,827 
Reduction of social security benefits €-1,906 
Reduced earnings incapacity pension € 5,074 
Overall €47,886  
Incremental Cost-Effectiveness  
Table 37 shows that, from the social security perspective, the average net present 
value of providing two-year re-training opposed to one-year re-training was 
positive after 18 years in the baseline scenario. The long-run benefits linked to two-
year re-training, after 25 years, were €16,878 larger than the additional costs of the 
more involved measures. In other words, for the average rehabilitant that has been 
allocated into a two-year measure, social security systems received an average 
return of €16,878 after 25 years.  
Compared to the incremental costs of €31,008 for providing the extra year of 
education, this difference equaled an ROI of 1.54. Furthermore, the internal rate of 
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return of the projects was calculated in order to evaluate the attractiveness of 
investing into re-training, irrespective of a presumed social discount rate. The 
calculated social discount rate, which set the present value of the benefits equal to 
the costs, equaled 2.93% for the two-year re-training. On average, 18 years are 
needed for the additional investments to break-even.  
Table 37: Incremental cost-benefit relationship to social security two-year vs. 
one-year re-training, per participant, 2006-2030 
 2yr vs. 1yr  
Present Value Incremental Benefits  €47,886  
Present Value Incremental Costs  €31,008  
Incremental Net Present Value  25 years €16,878  
Incremental Internal Social Rate of Return 2.93% 
Incremental Break-even 18 years (2023) 
Incremental ROI 25 years 1.54 
Notes: The general approach taken in this comparative analysis was that costs-benefit 
relationships were considered per allocated rehabilitation case irrespective of 
rehabilitation outcome.  
5.4 Discussion 
This chapter has provided an empirical example evaluation of the costs and benefits 
of vocational re-training for social security providers. Initially, a literature survey, 
identified the main costs to social security. In addition, the benefits calculated in the 
quasi-experiments in chapters three and four were re-estimated on an annual basis 
before being extrapolated to project the development of employment outcomes 
outside the observation period. Next, the primary effects were monetarized and 
compared with the incurred costs. The results of the economic analysis were 
threefold: First, it has been shown that both types of re-training measures were, on 
average, cost-effective from the social security perspective. However, the evaluated 
measures payed off only in the very long run. This challenge the recent state-of-the-
art in program evaluation usually appraising only one, two or three years of follow-
up. A second major result from this analysis was that the financial payback period 
of partial re-training was shorter in comparison to the longer full-retraining 
measures. Third, for the participants that were allocated a two-year program, the 
incremental effects to social security were positive, however, the payback period of 
the additional investment was substantial.  
In particular, the long-run benefits linked to one-year re-training were €28,159 larger 
than the costs of providing the measure. For two-year re-training, the returns were 
€33,264 larger in comparison with program costs. The corresponding ROI ratios 
(benefits over costs) equaled 2.17 and 1.59, respectively. These results mean that, for 
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every euro spent on partial re-training, the social security system received an 
average return of €2.17, in the form of additional taxes and contribution generated 
and compensation pay prevented, in the long run. For every euro spent on full re-
training, the social security system received an average return of €1.59, in the long 
run. The calculated social discount rate, which set the present value of the benefits 
equal to the costs, equaled 8.16% for the one-year re-training programs and 3.68% 
for two-year re-training programs. Payback periods were assessed to be equal to 11 
years (one-year re-training) and 17 years (two-year re-training). 
In a sensitivity analysis, it was further analyzed to what extent the cost-effectiveness 
changes as a result of altering some of the crucial assumptions to the model applied. 
These changes included introducing a fixed social discount rate, to simulate the 
effects considering stronger intertemporal time preferences for the present; 
changing the forecasting model to a naïve and a first-order autoregressive model 
and altering the assumed income tax rate due to it being the only assumed (freely 
chosen) variable in the calculation.  
While, under a two percent social discount rate, both programs were still cost-
effective when evaluated over the 25-year period, with five percent discounting, the, 
more involved, two-year programs were no longer cost-effective. With regards to 
the forecasting model used, both naïve and autoregressive modeling of future 
benefits yielded higher returns to the social security system compared to the four-
year moving average used in the main estimation. Thus, the applied main 
forecasting method can be considered most conservative of the three models tested. 
Changing the assumed income tax rate, as tested in the last part of the sensitivity 
analysis, only marginally affected the final results.  
In a different analysis, it has been shown that program allocation into a two-year as 
opposed to allocation into a one-year re-training measure broke even after 18 years 
(average treatment effect on the treated). The long-run benefits linked to two-year 
re-training after 25 years were €16,878 larger than the additional costs of the more 
involved measures. In other words, for the average rehabilitant who has been 
allocated into a (longer) two-year measure, social security systems receive, on 
average, a positive return in the long run. Compared to the average incremental 
costs of €31,008 for providing the longer duration re-training measures, this increase 
equaled an ROI of 1.54. Furthermore, the internal rate of return of the additional 
investment was calculated to evaluate the attractiveness of investing into the longer 
re-training measure as opposed to providing only one-year re-training for the given 
sample of two-year participants. The calculated social discount rate, which set the 
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present value of the incremental benefits equal to the additional costs of providing 
two-year re-training (instead of one-year re-training), equaled 2.93%.  
The results of the foregone analysis suggest that policymakers have a financial 
incentive to invest in both types of vocational re-training programs as they were 
cost-effective in the long run. Given that the produced findings were calculated 
based on average values, the results from this analysis should, however, be treated 
with caution since allocation into vocational rehabilitation and consequent outcomes 
are dependent on the individual situation of the rehabilitants, as shown previously 
in this thesis. 
Further work needs to be carried out on the influence of currently non-quantifiable 
benefits such as the health benefits from working or the spillover effects to other 
household members. Additionally, it was not possible to observe or measure the 
motivation and abilities of the rehabilitants, which may lead to imprecise estimates. 
Furthermore, estimating some input parameters for which no empirical information 
could be found should be substantiated by future research.  
Despite these potential limitations, this chapter offers comprehensive results to 
better understand the economic effects of rehabilitation measures, contributing 
substantially to the understanding of the economic consequences of vocational re-
training programs. Given that the actual financial costs of re-training for the whole 
population accumulate to several hundred million euros, the foregone evaluation 
puts the returns to re-training in relation, showing that the measures pay off, also 
from the social security perspective.  
Based on the cost-benefit relationships estimated in this chapter, and given some 
uncertainty about the long term, a possible explanation for the current expansion 
and political prioritization of the shorter one-year programs is offered. Policymakers 
and the individual’s interest may conflict with each other in some circumstances if 
the individual might prefer the, more involved re-training but for cost-efficiency 
reasons is only allocated a one-year program.  
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6. Conclusions and policy implications 
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This final chapter summarizes the main contributions that this thesis has made and 
provides a summary of the research findings. Next, the policy implications for 
vocational re-training in Germany as well as for vocational rehabilitation programs, 
in general, are discussed. The chapter continues with a discussion of the limitation 
of this study and proposes areas for future research.  
6.1 Contributions of this thesis 
Work disability is a challenge for social security systems, affecting millions of people 
worldwide. At the same time, social policymakers have implemented vocational 
rehabilitation programs aimed at improving the chances of re-employment despite 
physical limitations and other health restrictions. So far, much of the empirical 
evidence on the effects of vocational rehabilitation in Germany has been confined to 
small sample sizes and specific institutional settings. In this thesis, unique 
administrative data, a relevant time of follow-up and advanced statistical measures 
to handle confounding have been utilized in order to provide new and informative 
evidence on the effects of vocational rehabilitation on employment outcomes in 
Germany.  
This thesis has made four major contributions to the analysis of the effectiveness of 
vocational rehabilitation programs for persons with disabilities. 
First, the research investigated how socio-economic factors influenced the 
employment outcomes after participation in vocational rehabilitation. The analysis 
included identifying which factors positively affect re-employment chances and 
which socio-economic characteristics tend to act as barriers to successful work 
reintegration. Several risk factors were consequently identified that were associated 
with little improvement in the employment status: Among the different factors 
tested, old-age, low prior educational outcomes and irregular employment 
relationships were especially associated with less improvement in the employment 
status. The attained findings in this chapter support the argument that providers of 
vocational rehabilitation services need to be aware of the influence demographic- 
and occupational factors have on re-employment chances: the socio-economic status 
and the work environment significantly affect return-to-work outcomes after 
participation in vocational rehabilitation.  
Second, while taking the effect of confounding variables into account, the analyses 
examined to what extent the vocational re-training program, the most time-intensive 
and costly type of vocational program available, impacted employment outcomes 
and to what extent the programs reduced the likelihood of receiving an earnings 
incapacity pension. The estimated treatment effects provide policymakers with 
detailed information about the interventions’ abilities to improve the individuals’ 
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employment statuses and show to what extent these improvements were sustained 
over-time: The result of this analysis was that, despite the presence of physical 
limitations, completing the re-training measures greatly improved the employment 
situation of the rehabilitants, i.e. the measures resulted in more days in employment 
and higher annual income earned while at the same time dependency on social 
security benefits was reduced. In addition to its empirical relevance, the research 
also contributes to the methodological debate on how to estimate the impact of labor 
market programs on employment outcomes from observational data using quasi-
experiments. This approach, so far, has been widely underutilized in vocational 
rehabilitation research.  
Third, the effects of two-year and one-year vocational re-training programs were 
directly compared to provide a better understanding of the duration effects of the 
re-training measures. The results showed that the disadvantages of longer program 
duration were offset by significantly higher employment outcomes in the long term 
for participants of two-year re-training programs. From the perspective of the re-
training participants, the additional year of re-training generally paid off, i.e. the 
treatment effects on the treated with regards to income and employment days were 
positive for two-year re-training participants and the likelihood to be awarded a 
pension due to a reduced earnings capacity was also lower. The large reduction in 
days with long-term unemployment benefits indicates that full re-training programs 
had a significantly greater impact with regards to preventing permanent exit from 
the labor market. Whereas the increase in days with other social security-benefits 
was mainly due to the longer program duration, the shift in benefit recipience may 
be advantageous, as long-term unemployment seems to have been reduced 
substantially. 
Finally, the cost-effectiveness and efficiency of re-training were evaluated from a 
social security providers’ perspective. While chapters three and four showed what 
impact vocational rehabilitation may have on the individuals involved; in the fifth 
chapter, secondary effects for social security were calculated. These comprise 
increased contributions and tax collection and a reduction in the paid compensation 
benefits. Relating the benefits to the costs of providing the programs, the estimated 
financial balance sheets illustrate the large economic potential of meaningful 
vocational rehabilitation, showing whether the programs were cost-effective.  
Taken together, this thesis adds to a growing body of literature on the effects of labor 
market activation programs for people with a disability. While re-affirming the 
important role of micro-level determinants, this thesis has provided an extensive 
example of the individual and fiscal effects that are possible through meaningful 
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vocational rehabilitation measures. Re-training has been found to have a large 
impact on employment participation and on livelihoods. By enabling people with a 
disability to return to work, vocational rehabilitation programs contribute to 
reducing the economic disadvantages they face and facilitate their social (re-) 
integration.  
6.2 Summary of main findings  
The following section summarizes the main findings in order to answer the four 
research questions posed in the introduction section of this thesis:  
1. To what extent do socio-economic factors influence return-to-work outcomes after 
participation in vocational rehabilitation? (Chapter 2) 
In the second chapter, employment outcomes and their determinants after 
participation in vocational rehabilitation have been investigated through an analysis 
of a representative panel dataset of German rehabilitants. The focus on patient-level 
characteristics has only received limited attention in research as microdata in the 
present form is rare. As such, this chapter provides nationally and internationally 
new and relevant insights with regards to the effects of demographic factors and job 
characteristics on employment outcomes for vocational rehabilitants. 
At first, through a comparison of income and employment data over several years 
before and after program entry, cohort and individual employment results were 
measured. Next, it was examined to what extent differences in the return-to-work 
outcomes among rehabilitants were linked to their socio-economic status. The factor 
analysis showed that before-after differences in the employment outcomes can, to a 
substantial extent, be predicted based on the participants’ socio-demographic and 
employment characteristics. Various socio-economic characteristics seemed to 
facilitate employment reintegration while others acted as a barrier.  
Among the different factors tested, the personal employment and income history 
was the strongest predictor of future labor market outcomes. Moreover, it has been 
shown that the patients’ ages, educations, jobs, and employment types had a large 
and significant effect on employment outcomes after vocational rehabilitation. The 
findings are in line with previous findings in the field (see the review by Streibelt & 
Egner, 2013), which also found a strong effect of various individual factors on return 
to work outcomes (such as income before admission, the rehabilitants age and the 
employment or occupational status).  
Younger, better educated, white-collar workers and those employed in full-time 
contracts exhibited significantly greater changes in employment outcomes than their 
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respective comparison groups. Differences in employment outcomes with regards 
to gender were, in comparison, small, but also significant. To provide more detailed 
results with regards to gender-specific effects, a stratified regression model was 
further added to the analysis. The stratified model showed gender-specific effects of 
socio-economic factors. Most notably, the coefficients for being widowed, divorced 
and unemployed changed signs. 
The estimated differences throughout the models tested persisted, also after 
controlling for intra-group heterogeneity in employment history. The relatively 
good fit of the change score regression models in comparison to a similar study 
based on medical rehabilitation data from the same data source (Petrunyk, et al., 
2015) can, to some extent, be linked to the more cohesive data and a longer time 
horizon used. Another explanation is that employment results after vocational 
rehabilitation are more dependent on individual characteristics compared to 
employment outcomes after medical rehabilitation.  
According to the analysis, the socio-economic status plays a substantial role in an 
individual’s return to work. The measured differences in employment outcomes 
after participation in vocational rehabilitation were closely related to the 
participants’ socio-demographic and employment characteristics. The attained 
findings in this analysis support the argument that providers of vocational 
rehabilitation services need to be aware of the influence demographic and 
occupational factors have on employment outcomes in the return to work of people 
with a disability.  
2. To what extent do vocational re-training programs impact employment outcomes and 
influence dependency on social security benefits? (Chapter 3) 
In the third chapter, an empirical example of how to use administrative panel data 
when evaluating re-training programs for people with disabilities has been 
provided. In the absence of randomized experiments, using an applicant-based 
comparison group was the most appropriate option to evaluate treatment effects. 
According to the estimates in Chapter 3, participation in vocational re-training was 
associated with significant improvements in the employment status while also 
reducing dependency on social security benefits and the likelihood of an earnings 
incapacity pension. 
Based on a random sample of 2,399 individuals admitted into vocational re-training 
in the year 2005, the impact of vocational re-training was examined by estimating 
the average treatment effect and the average treatment effect on the treated in 
relation to the counterfactual case of no completed re-training. The analyzed 
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outcomes comprised changes in individual earnings and days with employment, 
earnings incapacity pension receipt and changes in the number of days on social 
security and unemployment benefits.  
The results of this analysis suggest that both types of vocational re-training 
programs analyzed significantly improved the income and employment situation of 
the individuals involved over the first eight years after program admission. After 
other factors had been controlled for, graduates of one-year re-training were, on 
average, employed for an additional 405 days, 95% CI [249 days, 561 days], and had 
earned €24,260 more than without re-training, 95% CI [€12,805, €35,715]. Two-year 
program completers, on average, were employed for 441 additional days, 95% CI 
[349 days, 534 days], and had earned €35,972 more than without completed re-
training, 95% CI [€27,743, €44,202]. 
Moreover, graduating from a re-training program significantly reduced the number 
of days on social security benefits and influenced the number of days on 
unemployment benefits. In addition, the measures also reduced the likelihood of 
receiving an earnings incapacity pension in comparison to the counterfactual 
scenario of no re-training. Over the eight-year observation period, one-year program 
graduates had a 3.1% lower likelihood of being awarded a pension due to a reduced 
earnings capacity, 95% CI [-7.8%, 1.6%]; two-year program graduates had a 6.0% 
lower likelihood, 95% CI [-9.2%, -2.9%]. 
Further work needs to be carried out to determine under which conditions return-
to-work outcomes could be improved by providing individuals with a two-year 
instead of a one-year re-training. The estimated mean employment effects were 
generally larger for two-year re-training programs in comparison to one-year 
programs, indicating that some individuals could have potentially benefitted from 
allocation into a full re-training program. However, the response to treatment is 
likely to be heterogeneous and dependent on the individual situation and 
preferences of the rehabilitants. In order to better understand the conditions under 
which allocation into a more involved program could lead to better outcomes, more 
information on the complex relationship between the applicant and the provider in 
the application and screening process is needed.  
The choice of method for the analysis of absolute treatment effects in Chapter 3 adds 
to the methodological debate on how to estimate program effects from observational 
data for public policymaking. The main point of debate is whether policymakers can 
confidently rely on treatment effect estimates obtained from quasi-experimental 
research settings. Much of the literature indicates that the most common weakness 
in the quasi-experimental research setting is linked to using an external comparison 
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group. While different training programs exhibit different institutional settings, the 
foregoing analysis suggests that it is possible, at least for the case of vocational 
rehabilitation in Germany, to make use of information on program dropouts as an 
appropriate internal control group to obtain meaningful treatment effect estimates.  
One needs to be careful when drawing causal conclusions from the estimated 
relationships. Many of the persons in the group of program dropouts actually 
participated to some extent in the re-training measures before leaving the program, 
thus, also profiting from the skill training, while at the same time, using up time that 
could have been spend otherwise if they would have never participated in the 
measures at all  (e.g. to earn money or to get a different training). It remains a topic 
of discussion, whether a person that participates in a re-training but never graduates 
from it benefits more from the measure in relation to the time that is lost. On the one 
hand, failed examination and other performance issues being the main non-medical 
dropout reasons point to lower abilities of the group of program dropouts which 
would mean that the effects were overestimated; the group of program dropouts 
carried some unmeasured confounders that negatively affected their performance 
(negative dropout). On the other hand, the argument can be brought forward, that 
some of the program dropouts likely discontinued their training because they found 
another job (perhaps even linked to the benefits received from re-training). This 
would mean that the estimated relationships were underestimated, since those that 
were offered employment and leave the program carried some unmeasured 
confounders that positively affected their earnings ability (positive dropout). 
Accordingly, the set-up of the quasi-experiment should be kept in mind when 
drawing conclusions from the estimated relationships.  
Despite these potential limitations, the treatment effects presented in this study are 
an important contribution to the empirical knowledge on the influence vocational 
re-training on the employment re-integration of individuals with disabilities in 
Germany. This claim is based on the availability of a unique database and the 
application of appropriate statistical methods, which have allowed us to evaluate 
the impact of the re-training programs. According to the estimated treatment effects 
in this chapter, completing a vocational re-training was associated with significant 
improvements in the employment status while also reducing dependency on social 
security benefits. Policies to promote the labor market re-integration should consider 
that vocational re-training may be an effective tool for sustainably improving the 
employment situation of people with a disability.  
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3. Are there significant differences between the effects of one- and two-year re-training 
programs with regards to income earned, employment days and social security benefit 
receipt? (Chapter 4) 
In the fourth chapter, it has been shown how longitudinal administrative data in the 
area of publicly funded training programs can be used to measure the differential 
impact of training programs on labor market outcomes. The main research goals 
were to examine the extent to which the two most commonly allocated types of 
measures, further training, and re-training, exhibit similar employment effects. 
Those effects included changes in individual earnings developments, days with 
employment and days with unemployment benefits. 
The descriptive statistics section of this chapter showed that the sampled 
participants of further training measures were older, more often unemployed at 
program admission and disproportionally more often live under unfavorable labor 
market conditions compared to re-training participants. However, there was also 
substantial overlap with regards to many of the measured covariates, which was a 
key prerequisite in order to carry out the impact analysis. Using the inverse 
probability-weighted regression adjustment method, the covariates were first 
balanced across comparison groups in order to establish comparability, before the 
earnings differentials were estimated. 
By prolonging the follow-up in comparison to previous research, the more involved, 
two-year re-training programs were found to be more effective regarding long-term 
work participation outcomes as one-year vocational re-training programs. Although 
two-year re-training measures require an additional year of education, the average 
treatment effect over the first eight years after program admission was positive; i.e. 
participation in two-year re-training was associated with more income compared to 
participation in one-year re-training only, despite an additional year of program 
duration.  
Over the first eight years after program admission, the average treatment effect of 
two-year re-training compared to one-year re-training, for the whole study 
population, equaled €10,126, 95% CI [€-1,327, €21,578]. Furthermore, participation in 
two-year re-training was associated with more days in employment, fewer days on 
long-term unemployment benefits and a reduced risk for an earnings incapacity 
pension. On the other hand, participation in one-year re-training was associated 
with significantly fewer days on social security benefits and on short-term 
unemployment benefits.  
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Since not all individuals can be considered eligible for the longer duration measures, 
separate analyses of the ATET for the comparison groups were carried out. The sub-
group analysis showed, to which extent the two-year participants benefitted from 
actual program participation in the longer type programs and to which extent the 
one-year group would have benefitted from the longer duration programs.   
The first result of the sub-group analysis was, that, over the eight-year observation 
period, participation in a two-year vocational re-training program was associated 
with an €11,270 higher income, 95% CI [€-761, €23,300], compared to the income 
achieved after hypothetically having been allocated into a one-year re-training 
program instead. The increase in income was a consequence of more accumulative 
days in employment after eight years despite longer program duration and higher 
dropout rates. The duration of transfer payments, on the other hand, was 
characterized by shifts, i.e. being allocated a two-year re-training was linked to fewer 
days with long-term unemployment benefits but more days with short-term 
unemployment benefits and more days with other social security benefits. 
Participants of two-year programs had 211 fewer days with long term 
unemployment benefits, 95% CI [-296 days, -125 days], but 41 additional days with 
short term unemployment benefits, 95% CI [18 days, 65 days], and 238 additional 
days with other social security benefits, 95% CI [190 days, 286 days]. Whereas the 
increase in days with other social security-benefits was mainly due to the longer 
program duration, the shift in benefit recipience may have been advantageous, as 
long-term unemployment seems to have been reduced substantially. In addition, 
two-year re-training participants had a 3.4% reduced risk for a pension due to a 
reduced earnings capacity, 95% CI [-6.9%, 0.0%]. The estimate was, however, not 
signficant at the five percent level 
The second result of the sub-group analysis was, that, over the eight-year 
observation period, participation in a one-year vocational re-training program was 
associated with a €-3,557 lower income compared to the income achieved after 
hypothetically having been allocated into a two-year re-training program instead,  
95% CI [€-12,630, €5,516]. Neither the effect on income nor the effect on employment 
days were statistically significant at the five percent level. In fact, the standard error 
of the estimate of employment days was substantial indicating that the employment 
effects were very heterogeneous. With regards social-security and welfare benefit 
receipt, participants of one-year programs had 164 more days on long-term 
unemployment benefits, 95% CI [93 days, 235 days], but 19 fewer days on short-term 
unemployment benefits, 95% CI [-43 days, 5 days], and 264 fewer days on other 
social security benefits, 95% CI [-302 days, -226 days]. This was in comparison to 
having been allocated into the longer re-training programs instead. The estimated 
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differences in the number of days with social security and long-term unemployment 
benefits were significant at the one percent level. The effect on days with short-term 
unemployment benefits was not statistically significant at the five percent level. 
Moreover, the small increase in the likelihood to receive an earnings capacity 
pension, of 0.9%, was also not significant, 95% CI [-2.4%, 4.2%]. 
The results indicate, that program allocation was to some extent effective. The ATET 
of two-year program participants was larger compared than both the ATE and the 
ATET of one-year program participants (the latter reflects how much lower the 
income of the one-year participants was compared to having participated in a two-
year program instead). Based on the calculations, the average participant that was 
allocated into two-year re-training benefited more from the measures, than the 
average participant that was allocated a one-year re-training would have had. While 
the retrieved estimates are based on averages, further explorative analysis is needed 
to examine the conditions under which participants of one-year programs could 
profit from increased duration of re-training. The response to treatment seems to be 
heterogeneous and dependent on the individual situation and preferences of the 
rehabilitants.  
Further work is needed to determine under which conditions return-to-work 
outcomes could be improved by providing individuals with a two-year instead of a 
one-year re-training. The estimated mean employment effects were generally larger 
for two-year re-training programs in comparison to one-year programs, indicating 
that some individuals could have potentially benefitted from allocation into a full 
re-training program. However, the response to treatment is likely to be 
heterogeneous and dependent on the individual situation and preferences of the 
rehabilitants. One-year program participants seem to be a more marginalized group, 
as such, there might be specific reasons to support them with less intensive 
measures. 
Improving the understanding of the conditions under which allocation into a more 
involved program could lead to better outcomes requires more information on the 
complex relationship between the applicant and the provider in the application and 
screening process. Program participation depends both on rehabilitant eligibility 
and on the selection by the person in charge or self-selection by potential 
participants. Thus, it would be relevant to further explore the perspective of the 
individual before and during the period of rehabilitation as well as the role of the 
provider in programmatic decision making.   
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4. What are the financial returns for providers of the re-training programs: are the 
measures cost-effective? (Chapter 5) 
The fifth chapter provides an empirical example evaluation of the costs and benefits 
of vocational re-training for social security providers. The main costs of the measures 
were identified through a literature survey. Benefits from the quasi-experiments in 
chapters three and four were extrapolated in order to project the development of 
outcomes outside the observation period. The estimates from chapter three were 
used to evaluate the absolute cost-effectiveness of the two types of re-training 
programs in comparison to the do-nothing scenario. The estimates from chapter four 
were used to evaluate the incremental cost-effectiveness of the allocation into the 
more involved two-year re-training measures in comparison to allocation into the, 
less involved, one-year re-training measures.  
The results of the analysis were twofold.  
The first result was that both types of re-training measures evaluated were, on 
average, cost-effective from the social security perspective when compared against 
the do-nothing alternative. Despite the restrictive assumptions used, the estimated 
balance sheets demonstrate the large economic potential of investing in work 
reintegration measures. In the baseline scenario, one-year measures broke even after 
11 years, while two-year measures broke even after 17 years. After 25 years, the 
estimated benefits linked to one-year re-training were €28,159 larger than the costs 
of providing the measure. For two-year re-training, the returns were €33,264 larger 
in comparison with program costs. The corresponding ROI ratios (benefits over 
costs) for one- and two-year programs over the 25-year evaluation period were equal 
to 2.17 and 1.59, respectively. This means that, for every euro that was spent on the 
one-year re-training, the public received an average return of €2.17 in the form of 
additional taxes and contribution generated and compensation pay prevented, in 
the long run. For every euro spent on two-year re-training, the public received an 
average return of €1.59. Furthermore, the internal rate of return of the projects was 
calculated, to evaluate the attractiveness of investing into re-training, irrespective of 
a presumed social discount rate. The calculated social discount rate, that set the 
present value of the (inflation-adjusted) benefits equal to the costs, equaled 8.16% 
for one-year re-training programs and 3.68% for the two-year re-training.  
In a sensitivity analysis, it was further analyzed to what extent the cost-effectiveness 
of the two program types changes as a result of altering some of the crucial 
assumptions to the applied model. This analysis included introducing a social 
discount rate to simulate the effects considering stronger intertemporal time 
preferences for the present, changing the forecasting model to a naïve and a first-
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order autoregressive model and altering the assumed income tax rate due to it being 
the only assumed (freely chosen) variable in the calculation.  
While, under a two-percent social discount rate, both programs were still cost-
effective when evaluated over the 25-year period, with five percent discounting, the, 
more involved, two-year programs were no longer cost-effective. With regards to 
the forecasting model used, both naïve and autoregressive modeling of future 
benefits yielded higher returns to the social security system compared to the four-
year moving average used in the main estimation. Thus, the applied main 
forecasting method can be considered the most conservative of the three models 
tested. Changing the assumed income tax rate, as tested in the last part of the 
sensitivity analysis, only had a marginal effect on results.  
The results of the first cost-effectiveness analysis suggest that policymakers have a 
financial incentive to invest in both types of vocational re-training programs as they 
were found to be cost-effective in the long run. Given that the produced findings are 
based on average values, the results from this analysis should, however, be treated 
with caution. Allocation to vocational rehabilitation and consequent outcomes are 
largely dependent on the rehabilitants’ individual situations, as shown previously 
in this thesis. The estimated payback periods of the programs were rather long, 
making the factor age, next to the prior earnings level, likely to be to most decisive 
factor when wanting to draw further conclusions about the cost-effectiveness on a 
case by case basis. Of course, economic considerations may not be the only factor in 
the decision-making process.   
Moreover, based on the cost-benefit relationships estimated in the first cost-
effectiveness analysis, and given some uncertainty about the long term, a possible 
explanation for the current expansion and political prioritization of the shorter one-
year programs is offered: the break-even point of one-year programs was attained 
much earlier (11 instead of 17 years) and the ROI and IRR wee much larger. 
Policymakers and the individual’s interest may, thus, conflict in some circumstances 
as the individual might prefer the, more involved, two-year measure, but is only 
allocated, a less costly, one-year measure. While chapters three and four showed 
that, for the individuals involved, two-year programs, on average, had a larger 
impact on employment outcomes, the results of this analysis might explain why, 
from the social security perspective, one-year programs are increasingly often 
assigned.  
The second results were that while the payback period of the longer duration 
measures was much longer and the ROI and IRR much smaller, the net present value 
over the entire 25-years was in fact larger for the, more involved, two-year measures 
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compared to one-year measures. In addition, a second analysis on the incremental 
effects of two-year re-training compared to one-year re-training showed, that for the 
average rehabilitant, that had been allocated a, more costly two-year measure, the 
additional financial investments made broke even after 18 years. Over the entire 25-
year simulation period, long-run benefits linked to two-year re-training, were 
€16,878 larger than the additional costs of the more involved measures. With 
incremental costs of €31,008 for providing the extra year of education, this equaled 
an ROI of 1.54 over the twenty-five-year evaluation period. Furthermore, the 
internal rate of return of the additional investment was calculated. The calculated 
social discount rate that set the present value of the benefits equal to the additional 
costs of providing two-year re-training (instead of one-year re-training) equaled 
2.93%.  
These estimates need to be treated with caution, since it can be anticipated that the 
outcomes are heterogeneous. Some people may be more suitable to participate in 
full re-training measures while others may favor shorter measures. Although this 
analysis incorporated various proxies to model individual characteristics such as 
past earnings ability or the education level, many soft factors that may influence 
treatment decisions cannot be modeled with the data at hand. Furthermore, the 
estimates provided above reflect the treatment effects for those that received the 
longer-duration training. The potential treatment effects for those that have been 
allocated a one-year re-training were predicted to be much smaller.  
Taken together, chapter 5 has provided a comprehensive analysis of the secondary 
effects of vocational rehabilitation contributing to a better understanding of the 
economic consequences of applied rehabilitation measures. Both types of re-training 
measures evaluated were, on average, cost-effective from the social security 
perspective. Given that the actual financial costs of re-training for the whole 
population accumulate to several hundred million euros, the foregone evaluation 
shows what potential returns such measures can bring to public systems.  
6.3 Policy recommendations 
The German vocational re-training program for people with a disability has been 
found to have a positive impact on rehabilitants’ employment outcomes. The results 
showed that the principal objective, namely, to improve participation in 
employment, was generally achieved. Contrary to the common misconception that 
“off-the-job training” is relatively ineffective, this thesis has provided an empirical 
example of the positive impact of the programs. Therefore, the first policy 
recommendation offered by this thesis is to continue to invest in vocational re-
training as it generates a positive impact for the participating individuals.  
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Another conclusion from the analysis in chapter three is that program dropout was 
associated with significantly worse work participation outcomes, compared to 
program graduates; unsuccessful completing seems to be a strong predictor for 
worse employment outcomes. Accordingly, preventing dropout and, thus, 
improving the overall effectiveness and efficiency of re-training measures is another 
important policy target. Since about half of the dropouts were related to medical 
reasons, better a priori screening and better medical supervision during the 
programs may contribute to reducing program dropout rates. Regarding the non-
medical dropouts, many were due to performance issues and failed examinations. 
Further investigation is needed into why programs that were deemed to be 
appropriate turned out to be infeasible for certain individuals.  
The literature on the comparative effects of one- and two-year re-training has 
previously found that reduced training may lead to better outcomes. A shortening 
of the average duration of measures tends to have a favorable effect in the short term 
because the lock-in effect loses weight compared to the program effect. However, 
when assessed over longer follow-up, the more involved training programs have 
been found to be more effective since the accumulative employment effects were 
larger (although not significant). From the perspective of two-year re-training 
participants, the additional year of re-training generally paid off, i.e. the treatment 
effects on the treated with regards to income and employment days were positive 
for two-year re-training participants and the likelihood to be awarded a pension due 
to a reduced earnings capacity was also lower. These results are an important 
reassurance, that the additional time invested into the longer training measure 
actually paid off for the individuals involved.  
When separating the analysis into the sub-samples of participating individuals in 
the one- and two-year re-training, respectively, the results indicate that program 
allocation was to some extent effective. The average treatment effect on the treated 
of two-year program participants was larger compared to both the sample average 
treatment effect across both treatment groups and the average treatment effect on 
the treated of the one-year program participants (which shows the income loss 
associated with reduced duration training). Thus, the average participant that was 
allocated into two-year re-training benefited more from the measures, than the 
average participant that was allocated a one-year re-training would have. While 
these estimates are based on averages, further explorative analysis is needed to 
examine the conditions under which participants of one-year programs could profit 
from an increased duration of re-training.  
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The performed analysis in chapter two showed how the individuals’ socio-economic 
statuses strongly influenced employment outcomes after participation in vocational 
rehabilitation. This, rather obvious, finding has rarely been substantiated by 
empirical evidence, let alone considered in the assignment practice. This study has 
shown that factors such as greater age or low prior educational attainments decrease 
the chances of a successful return to employment. To improve return-to-work 
outcomes, it is therefore recommended that policy targets these groups. For 
example, by improving access to and the effectiveness of individual case 
management.  
Vocational re-training was cost-effective when compared to the alternative of no 
completion of re-training since it increases wages and employment days while 
reducing the number of days on social security and unemployment benefits. 
Accordingly, policymakers should make use of the provided empirical evidence to 
strengthen the role of vocational re-training with regards to its usage and application 
within the overall social protection system - vocational rehabilitation pays off, also 
from the social security perspective.  
6.4 Limitations and areas for future research 
The limitations of this thesis have been discussed in each chapter and are 
summarized below together with propositions for future research. 
The results of the second chapter show that an avenue for future studies would be 
research into the specific barriers to employment of the most vulnerable socio-
economic groups of rehabilitants, i.e. older people, those with little prior education 
or those in previously irregular employment relationships. The results point to 
potential problems in the screening mechanisms that should be reconsidered, 
potential problems during the period of treatment as well as general reintegration 
problems, which could stem from discrimination in the labor market, or from 
incentives and disincentives provided by the retirement and unemployment benefit 
system. Explorative studies are needed to examine in more detail the underlying 
factors of these poor return-to-work outcomes since the data that was used in this 
analysis is not suitable to answer these questions.  
The relationship between the duration or level of schooling and earnings estimated 
in chapters three and four do not necessarily imply causality. Moreover, the range 
of potential variables for calculating the propensity score was limited. For example, 
it was not possible to observe or measure the rehabilitants’ motivation or other soft 
factors that have an influence on employment outcomes, which may lead to 
imprecise estimates. Incorporating proxies for these “factors” into future analysis 
could contribute to a better understanding of individual education and work 
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reintegration trajectories. Another interesting area for future research could be to 
address potential measurement error in the treatment variables, using instrumental 
variables to establish causality. In the absence of randomized control trials, policy 
changes could be a source of promising instruments since they affect the allocation 
to treatment independently of preferences. Other, possible instruments include the 
distance to the nearest training facilities or the parental education level.28  
A potential drawback of the sample used was the comparably small number of 
controls in relation to the number of treated subjects in the treatment effect analysis. 
However, the analysis of standardized differences has shown, that despite the 
relatively small number of controls, effective re-weighting was carried out, which 
limited the differences in covariates between comparison groups to a negligible 
level. Additionally, the majority of estimated treatment effects were statistically 
significant signaling that the number of controls was sufficient to detect differences 
in outcomes. A potential area for future research could be to include several cohorts 
of rehabilitants into the analysis to establish a larger sample size. 
While about half of program dropouts left the program for medical reasons, further 
explorative analysis is needed to find out, whether assistance provided during the 
period of rehabilitation could be improved (in order to prevent the occurrence of 
medically related dropouts). This includes knowing more about the barriers with 
regards to the access to the re-training measure, which would allow a more accurate 
prediction of when re-training is medically appropriate and what type of additional 
assistance (accommodation) is needed for the measures to have the greatest chance 
of success. In addition, further analysis could investigate whether program dropout 
could have been predicted before the start of the measures based on better screening 
mechanisms and knowledge about the program contents.  
Apart from medical reasons for program dropout, failed examinations and other 
performance issues were the other main reasons why individuals were not able to 
finish a re-training program. Consequently, future research should further 
investigate possible assistance that can be provided, during the period of 
rehabilitation, to increase graduation rates. Moreover, the outcome of allocation 
practices should be further examined: Are the individuals satisfied with the 
occupational re-training choice? Would they rather have enrolled in a different trade 
or occupation? Are there other reasons that influence how well the rehabilitants 
 
28 The distance to a training facility is generally considered to be one of the most important 
non-monetary barriers impeding access to education programs. On the other hand, parental 
education instruments build on the concept of inter-generational correlation of education 
outcomes. 
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perform in the examinations? Given the large benefits associated with completed re-
training and the comparatively large costs of these measures, these are relevant 
questions.  
Further work must be undertaken to determine under which conditions return-to-
work outcomes could be improved by providing individuals with a two-year 
instead of a one-year re-training. The estimated mean employment effects were 
generally larger for two-year re-training programs in comparison to one-year 
programs, indicating that some individuals could have potentially benefitted from 
allocation into a full re-training program. However, the response to treatment is 
likely to be heterogeneous and dependent on the rehabilitants’ individual situations 
and preferences.  
To better understand the conditions under which allocation into a more involved 
program could lead to better outcomes, more information is needed on the complex 
relationship between the applicant and the provider in the application and screening 
process. Program participation depends both on the eligibility of the applicant and 
on the selection by the person in charge or self-selection by potential participants. 
Thus, it would be relevant to investigate through further explorative studies the 
individual perspective before and during the period of rehabilitation as well as the 
provider’s role in programmatic decision making.  
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Summary 
This thesis adds to the growing body of literature on the effects of labor market 
activation programs for people with a disability. Work disability is nowadays 
widely viewed as a public health issue, where the consequences of work disability 
are considered not only to be following a biomedical causality but also to be 
influenced by participation restrictions and contextual factors. It is widely accepted 
that many of the barriers facing people with disabilities are, in fact, avoidable and 
that workers with a disability are far from incompatible with employment in the 
labor market. Factors such as the absence of access to vocational education and re-
training and the lack of financial and other assistance have been found to be 
significant drivers of labor market exclusion. Consequently, to improve chances for 
re-employment, despite physical limitations and other health restrictions, vocational 
rehabilitation and re-training programs have been implemented by social 
policymakers in many parts of the world. However, so far, much of the empirical 
evidence on the effects of vocational rehabilitation programs has been confined to 
small sample sizes and specific institutional settings. In order to improve the 
empirical understanding of the work participation effects of these programs this 
dissertation project has been initiated.  
In this thesis, unique administrative data, a relevant time of follow-up and advanced 
statistical measures to handle confounding have been utilized in order to provide 
new and informative evidence on the effects of vocational rehabilitation programs 
on work participation outcomes in Germany. While re-affirming the important role 
of micro-level determinants, the present study provides an extensive example of the 
individual and fiscal effects that are possible through meaningful vocational 
rehabilitation measures. The impact analysis presented in this thesis takes a broad 
perspective and examines the influence of vocational re-training on the number of 
employment days, income earned, days on unemployment and other social-security 
benefits and on the likelihood of receiving an earnings incapacity pension. The 
research questions of this thesis were as follows: 
1. To what extent do individual socio-economic factors influence return-to-
work outcomes after participation in vocational rehabilitation? 
2. To what extent do vocational re-training programs impact employment 
outcomes and influence dependency on social security benefits? 
3. Are there significant differences between the effects of one- and two-year re-
training programs with regards to income earned, employment days and 
social security benefit receipt? 
4. What are the financial returns for providers of the re-training programs: are 
the measures cost-effective? 
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The thesis comprises six chapters. In the first chapter the aims and contributions of 
the thesis as well as the study context and research methods were introduced.  
In the second chapter, employment outcomes and their determinants after 
participation in vocational rehabilitation have been investigated through an analysis 
of a representative panel dataset of German rehabilitants. Since participants in 
vocational rehabilitation are a heterogeneous group of people, with different social 
and occupational backgrounds and different health situations, possible barriers to 
work reintegration can only adequately be assessed with reference to the 
rehabilitants’ individual situations. A needed step to improve the empirical 
evidence is, thus, to assess the relevant person-related factors influencing return-to-
work outcomes. This chapter provides an overview of the direction and size of the 
relevant person- and occupation-related factors on work participation outcomes. 
The analysis included identifying which factors positively affected re-employment 
chances and which socio-economic characteristics tended to act as barriers to 
successful work reintegration.  
The evaluated factors comprised age, gender, education, employment history, job 
type as well as other relevant socio-economic characteristics. The analysis of socio-
economic determinants also served as a starting point for subsequent impact 
analysis since to know the effect of socio-economic factors on employment outcomes 
is a necessary condition for validly examining an interventions’ impact. Among the 
different factors tested, personal employment and income history were the strongest 
predictors. Additionally, other factors, such as the rehabilitants’ age, prior education 
level or work environment were found to have a strong impact. The attained 
findings in this chapter support the argument that providers of vocational 
rehabilitation services need to be aware of the influence demographic- and 
occupational factors have on re-employment chances: the socio-economic status and 
the work environment significantly affect return-to-work outcomes after 
participation in vocational rehabilitation. 
In the third chapter, an empirical example of how to use administrative panel data 
when evaluating re-training programs for people with disabilities has been 
provided. It was examined, to what extent completing a vocational re-training, the 
most time-intensive and costly type of vocational rehabilitation measure, impacted 
employment outcomes and to what extent the programs reduced the likelihood of 
receiving an earnings incapacity pension. In the absence of randomization, an 
applicant-based comparison group was used to compare outcomes with and 
without completion of vocational re-training. While the selection of potential 
controls was one of the key challenges to estimate the treatment effects, advanced 
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statistical measures to handle confounding were applied in order to establish 
comparability.  
The first result of the impact analyses carried out was that completing vocational re-
training greatly improved the employment status of the rehabilitants, i.e., the 
programs led to significantly more days in employment and significantly higher 
accumulative income, in the first eight years after program start. Secondly, 
completing a re-training program also reduced the number of days on 
unemployment and other social security benefits and the likelihood of receiving a 
pension due to reduced earnings capacity. The estimated treatment effects provide 
policymakers with detailed information about the interventions’ abilities to improve 
the individuals’ employment statuses and show to what extent these improvements 
were sustained over-time. In addition to its empirical relevance, the research also 
contributes to the methodological debate on how to estimate the impact of labor 
market programs on employment outcomes from observational data using quasi-
experiments. This approach, so far, has been widely underutilized in vocational 
rehabilitation research in Germany up to this point.  
In the fourth chapter, it was examined, to what extent one-year and two-year 
vocational re-training programs had a similar impact on employment outcomes 
when directly compared with each other. In the light of political initiatives to 
strengthen horizontal training, one-year re-training measures are becoming 
increasingly popular as an alternative to the more involved two-year re-training 
programs. Comparing both program types directly, this chapters’ analysis showed 
that the long-term employment effects associated with the traditional, two-year re-
training programs were significantly larger compared to one-year re-training 
programs. However, accumulative differences in income and employment days 
eight years after program start, were not statistically significant. The duration of 
transfer payments was characterized by shifts, i.e. being allocated a two-year re-
training was linked to fewer days with long-term unemployment benefits but more 
days with short-term unemployment benefits and more days with other social 
security benefits. Whereas the increase in days with other social security-benefits 
was mainly due to the longer program duration, the shift in benefit recipience may 
have been advantageous, as long-term unemployment was reduced substantially.  
In chapter five, the vocational re-training costs and benefits to social security 
providers were compared to evaluate the cost-effectiveness and efficiency of 
vocational re-training. By providing new evidence on metrics such as the net present 
value, the return on investment and the internal rate of return, this chapter’s analysis 
contributes to a better understanding of the economic consequences of vocational 
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re-training. Taking a long-term perspective, it has been shown after how many years 
the re-training programs break even and how large the economic returns to the 
social security system were. The estimated financial balance sheets showed that both 
one-year and two-year vocational re-training programs were, on average, cost-
effective; however, only after a substantial payback period. Another result from this 
analysis was that the financial payback period of partial re-training was shorter in 
comparison to the longer full-retraining measures.  
The sixth chapter presents the conclusions of this thesis. It comprises a summary and 
discussion of the gathered evidence with regards to answering the four research 
questions posed in the introduction as well as a discussion on policy implications, 
possible limitations of this study and recommendations for future research. Taken 
together, the German vocational re-training program for people with a disability has 
been found to have a positive impact on rehabilitants’ employment outcomes. The 
results showed that the principal objective, namely, to improve participation in 
employment, was generally achieved. Contrary to the common misconception that 
“off-the-job training” is relatively ineffective, this thesis has provided an empirical 
example of the positive impact of the programs.  
The following section summarizes the main findings in order to answer the four 
research questions posed in the introduction section of this thesis:   
1. To what extent do individual socio-economic factors influence return-to-work 
outcomes after participation in vocational rehabilitation? 
According to the analysis in chapter two, the socio-economic status plays a 
substantial role in an individual’s return to work. The measured differences in 
employment outcomes, after participation in vocational rehabilitation, were closely 
related to the participants’ socio-demographic and employment characteristics. The 
attained findings in this analysis support the argument that providers of vocational 
rehabilitation services need to be aware of the influence individual-level socio-
economic factors have on employment outcomes in the return to work of people 
with a disability.  
2. To what extent do vocational re-training programs impact employment 
outcomes and influence dependency on social security benefits? 
The results of this analysis suggest that, over the first eight years after program 
admission, both types of vocational re-training programs analyzed significantly 
improved the income and employment situation of the individuals involved. 
According to the estimated treatment effects in chapter three, completing a 
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vocational re-training was associated with significant improvements in the 
employment status while also reducing dependency on social security benefits. 
Policies to promote the labor market re-integration should consider that vocational 
re-training may be an effective tool for sustainably improving the employment 
situation of people with a disability.  
3. Are there significant differences between the effects of one- and two-year re-
training programs with regards to income earned, employment days and social 
security benefit receipt? 
While annual long-term results were highly statistically significant, the 
accumulative results over the first eight-years after program admission were not 
statistically significant due to negative lock-in effects at the beginning of the 
observation period, linked to longer program duration. Nevertheless, the analysis 
showed that the disadvantages of longer program duration were generally offset by 
higher employment outcomes in the long term for participants of two-year re-
training programs. From the perspective of the re-training participants, the 
additional year of re-training generally paid off, i.e. the treatment effects on the 
treated with regards to income and employment days were positive for two-year re-
training participants and the likelihood to have been awarded a pension due to a 
reduced earnings capacity was also lower. In addition, a significant and large 
reduction in days with long-term unemployment benefits indicates that two-year re-
training programs had a significantly greater impact with regards to preventing 
permanent exit from the labor market.  
4. What are the financial returns for providers of the re-training programs: under 
what conditions are the measures cost-effective? 
Both types of re-training measures evaluated were, on average, cost-effective from 
the social security perspective. Despite the restrictive assumptions used, the 
estimated balance sheets demonstrate the large economic potential of investing in 
work reintegration measures. From the social security perspective, the average net 
present value of providing one- and two-year re-training services were positive in 
the long run, however, only after a substantial payback period. While the payback 
period of one-year programs was assessed to be much shorter, a possible 
explanation for the current expansion of horizontal training is given. The 
policymakers and the individual’s interest may, thus, conflict in some 
circumstances. This is because the individual might prefer the, more involved, two-
year measure, but is only allocated, a less costly and more cost-efficient one-year 
measure.  
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The policy recommendations derived from this study are summarized as follows:  
1. Provide individualized assistance. This study has shown that factors such as 
greater age or low prior educational attainments decrease the chances of a 
successful return to employment. To improve return-to-work outcomes, it is 
therefore recommended that policy targets these groups. For example, by 
improving access to and the effectiveness of individual case management. 
2. Continue to invest in vocational re-training as it generates a positive impact on 
return-to-work outcomes.  
3. Prevent program dropout as this leads to significantly worse work participation 
outcomes and, thereby, improve the overall effectiveness and efficiency of re-
training measures. Since about half of the dropouts were related to medical 
reasons, better a priori screening and better medical supervision during the 
programs may contribute to reducing program dropout rates. Regarding the 
non-medical dropouts, many were due to performance issues and failed 
examinations. Further investigation is needed into why programs that were 
deemed to be appropriate turned out to be infeasible for certain individuals. 
4. Re-assess program allocation criteria. The literature on the comparative effects 
of one- and two-year re-training has previously found that reduced training may 
lead to better outcomes. A shortening of the average duration of measures tends 
to have a favorable effect in the short term because the lock-in effect loses weight 
compared to the program effect. However, when assessed with longer follow-
up, the more involved training programs have been found to be more effective 
since the long-term outcomes were significantly better. These results ask for re-
assessing the conditions under which comparable candidates who are being 
given a partial re-training could be upgraded to a full re-training measure. This 
change could potentially improve individual employment outcomes and, thus, 
also benefit the social security system in the long run. 
5. Use the provided empirical evidence to strengthen the role of vocational 
rehabilitation in the public debate. Vocational re-training was generally cost-
effective when compared to the alternative of no completion of re-training since 
it increases wages and employment days while reducing the number of days on 
social security and unemployment benefits. Accordingly, policymakers should 
make use of the provided empirical evidence to strengthen the role of vocational 
re-training with regards to its usage and application within the overall social 
protection system - vocational rehabilitation pays off, also from the social 
security perspective.  
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Valorization addendum 
In this addendum, the relevance of this thesis for policy and practice is described.  
Work disability is a challenge for social security systems, affecting millions of people 
worldwide. At the same time, social policymakers have implemented vocational 
rehabilitation programs aimed at improving the chances for re-employment despite 
physical limitations and other health restrictions. So far, much of the empirical 
evidence on the effects of vocational rehabilitation in Germany has been confined to 
small sample sizes and specific institutional settings. In this thesis, unique 
administrative data, a relevant time of follow-up and advanced statistical measures 
to handle confounding effects have been utilized in order to provide new and 
informative evidence on the effects of vocational rehabilitation on employment 
outcomes. This evidence is needed for policymakers to be able to strengthen the role 
and effectiveness of vocational rehabilitation programs.  
This thesis has made four major contributions to the analysis of the effectiveness of 
vocational rehabilitation programs for persons with disabilities: 
In chapter two it was investigated how socio-economic factors influenced the 
employment outcomes after participation in vocational rehabilitation. The analysis 
included identifying which factors positively affect re-employment chances and 
which socio-economic characteristics tend to act as barriers to successful work 
reintegration. Several risk factors were consequently identified that were associated 
with little improvement in the employment status: Among the different factors 
tested, old-age, low prior educational outcomes and irregular employment 
relationships were especially associated with less improvement in the employment 
status. The attained findings in this chapter support the argument that providers of 
vocational rehabilitation services need to be aware of the influence demographic- 
and occupational factors have on re-employment chances: the socio-economic status 
and the work environment significantly affect return-to-work outcomes after 
participation in vocational rehabilitation. This study has shown that factors such as 
greater age or low prior educational attainments decrease the chances of a successful 
return to employment. To improve work participation outcomes, it is therefore 
recommended that policy targets these groups. For example, by improving access to 
and the effectiveness of individual case management; for case managers it is 
particularly important to consider the effects of the identified contextual factors as 
they shape the values and goals of the individuals and influence the outcome of the 
work reintegration process.  
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In chapter three the impact of re-training was assessed through a comparison with 
similar program dropouts. While taking the effect of confounding variables into 
account, the analyses examined to what extent the vocational re-training program, 
the most time-intensive and costly type of vocational program available, impacted 
employment outcomes and to what extent the programs reduced the likelihood of 
receiving an earnings incapacity pension. The conclusion of the analysis was that the 
vocational re-training programs analyzed had a positive impact on rehabilitants’ 
work participation outcomes. The estimated treatment effects provide policymakers 
with detailed information about the interventions’ abilities to improve the 
individuals’ employment statuses and show to what extent these improvements 
were sustained over-time: Despite the presence of physical limitations, completing 
the re-training measures greatly improved the employment situation of the 
rehabilitants, i.e. graduating from a re-training program resulted in more days in 
employment and higher annual income earned while at the same time dependency 
on social security benefits was reduced.  
The analysis showed that the principal objective, namely, to improve participation 
in employment, was generally achieved. Contrary to the common misconception 
that “off-the-job training” is relatively ineffective, this thesis has provided an 
empirical example of the positive impact of the programs. Therefore, a policy 
recommendation offered by this thesis is to continue to invest in vocational re-
training as it generates a positive impact on participating individuals. The gathered 
evidence in this thesis is not only of interest to those who are currently undergoing 
re-training or those that are planning to do so in the future, but also gives the 
implementing agencies a detailed evaluation of the impact of their work. In addition 
to its empirical relevance, the research also contributes to the methodological debate 
on how to estimate the impact of labor market programs on employment outcomes 
from observational data using quasi-experiments. This approach, so far, has been 
widely underutilized in vocational rehabilitation research in Germany and can 
hopefully inspire other researchers to embark on similar research projects.  
Another relevant conclusion from the analysis in chapter three is that program 
dropout was associated with significantly worse employment outcomes, compared 
to program graduation. Unsuccessful completing seems to be a strong predictor for 
worse work participation outcomes. Accordingly, preventing dropout and, thus, 
improving the overall effectiveness and efficiency of re-training measures should be 
an important policy target. Since about half of the dropouts were related to medical 
reasons, better a priori screening and medical supervision during the programs may 
contribute to reducing program dropout rates. Regarding the non-medical dropouts, 
many were due to performance issues and failed examinations. As such it would be 
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worthwhile to further explore why the individuals did not finish the programs and 
what type of assistance could be provided to increase graduation rates. Moreover, 
the outcome of allocation practices should be further examined: Are the individuals 
satisfied with the occupational re-training choice? Would they rather have enrolled 
in a different trade or occupation? Are there other reasons that influence how well 
the rehabilitants perform in the examinations? Given the large benefits associated 
with completed re-training and the comparatively large costs of providing the 
measures, these are relevant questions. 
In chapter four, it was examined, to what extent one-year and two-year vocational 
education programs have similar effects on employment outcomes, when directly 
compared with each other. The literature on the comparative effects of one- and two-
year re-training has previously found that reduced training may lead to better 
outcomes: a shortening of the average duration of measures tends to have a 
favorable effect in the short term because the lock-in effect loses weight compared 
to the program effect. However, when assessed over a longer time period, the more 
involved training programs have been found to have a larger impact on work 
participation outcomes. The analysis in this thesis showed that the disadvantages of 
longer program duration were offset by higher employment outcomes in the long-
term for participants of two-year re-training programs. From the perspective of two-
year re-training participants, the additional year of re-training, thus, generally paid 
off, i.e. the treatment effects on the treated with regards to income and employment 
days were positive for two-year re-training participants and the likelihood to be 
awarded a pension due to a reduced earnings capacity was also lower. These results 
are an important reassurance, that the additional time invested into the longer 
training measure actually paid off for the individuals involved.  
Furthermore, the retrieved results indicate that program allocation was, also, to 
some extent effective. The average treatment effect on the treated of two-year 
program participants was larger compared to the sample average treatment effect 
across both treatment groups and the average treatment effect on the treated of the 
one-year program participants (which shows the income loss associated with a 
reduced duration of training). Thus, the average participant that was allocated into 
two-year re-training benefitted more from the measures, than the average 
participant that was allocated a one-year re-training would have. While these 
estimates are based on averages and are a product of econometric analysis, further 
explorative analysis is needed to examine the conditions under which participants 
of one-year programs could profit from an increased duration of re-training.  
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In chapter five, the cost-effectiveness and efficiency of re-training were evaluated 
from social security provider’s perspective. The three prior chapters showed what 
impact vocational rehabilitation may have on the individuals involved; in the fifth 
chapter, secondary effects for social security were calculated. These comprised 
increased contributions and tax collection and a reduction in the paid compensation 
benefits. The cost-benefit analysis carried out provides new evidence on the 
secondary effects of vocational re-training (on social security). While oftentimes the 
costs of rehabilitation and work reintegration measures dominate public 
discussions, the cost-benefit analysis in this study puts the costs and benefits into 
comparison. The result of this analysis was that vocational re-training was cost-
effective when compared to the alternative of no completion of re-training. 
However, in relation to earlier studies, that usually only considered few years of 
follow up, this study has shown that a much longer post-treatment observation 
period is needed for the benefits of the programs to outweigh the costs.  
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